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DESI GN ENG NEERING FOR ZONE QUTFI TTI NG
BACKGROUND AND | NTRCDUCTI ON

| NTRODUCTI ON

Mar Ad, over the past several years, sponsored a series of stu-
dies on the level of technology. In fiscal year 1980, MarAd
and Avondal e cooperated on a “Technical Eval Uation of Avon-

dal e’s Production Qperations and Organization, the Devel opment
of a Long Range Facilities Plan, and the Integration of Both,”
under Contract No. MA-80 DOC-OLOL7. The technical eval uation
of Avondal e’s Production Qperations and Organization was per-
formed by Ishikawajim-Harinm Heavy Industries (IH) . In this
study, Avondal e concluded that they could significantly inprove
their productivity by using the IH technology. But, there are
SO nan% areas that could be affected - many of which are out-
side the shipyard control - that Avondale could not inplenent
all of the reconmended changes at one tine.

In order to inprove productivity the nost with the |east anount

of disruption, Avondale Rroposed_to i npl ement four of the IH
systens recommended in the Technical Evaluation. They are

- Accuracy Control
- Production Planning

- -—Computer—Application

Desi gn Engi neering for Zone Qutfitting with Procurement
Speci fications.

This effort was to be a denonstration intended not only for the
benefit of Avondale, but of all U S. shipyards. Avondal e was
required to work closely with MarAd and the U S. shipbuilding
comunity to insure adequate dissemnation of all information

OBJECTI VES

The objectives were to decrease the time between the contract
daﬂe and ship delivery and to increase productivity and reduce
cost .

The follow ng specific objectives arose out of the Technol ogy
Eval uati on:



- inplement the IH system of accuracy control at Avondal e;
inplenent the IH system of production planning at Avondal e;
inplement the IH system of conputer application at Avondale;

- inplement the IH system of design engineering with procure-
ment specifications at Avondal e.

Each of the four systems were broad and extensive. In order to
i npl enent the systems, the follow ng action was taken:

A) Ve selected the specific elements within each of the four
systens which realize the nost significant inprovement in
productivity with the |east anount of disruption during the
Integration period. '

B) ' determned to what extent the selected elenents nust be
tailored for adoption for Avondale and for use as an Ameri-
cani zed version of Japanese technol ogy.

c) W determned what elenents of the four systens are neas-
urable and that a conparison can be nade between the nethod
previously being used and the nethod finally adopted.

W will tell you the organization adjustnent problens encoun-
tered and how they were overcone.

The subject of this semnar is Design Engineering for Zone Qut-
fitting. An agenda of the semnar s included in the hand-
book. ~For future planning purposes, all the semnars we plan

to hold are scheduled as foll ows:

- Production Planning & Schedulin - My 18-19, 1982
d J ((.Yonpl ete)

Desi gn Engi ing for Zone
Qtfitting o July 21-22, 1982

- Production Control Lofting,

Accuracy Control & Line Igeating Novenber 3-4, 1982
Each semnar is organized to cover in-depth the primry sub-
ject. Additionally, we wll present the influence or ‘interface
and effects of DeSign Engineering for Qutfitting to the other
departments or subject areas.

This may not be the best approach; however, we feel it is suit-
able to denonstrate that inplenenting this technology requires
that all departnents of a conpany nust work as a team an
re-align their thinking in order to succeed.

-2-
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DESI GN ENG NEERI NG FOR ZONE QUTFI TTI NG
ENG NEERI NG| NTRODUCTI ON

| am pleased to say that Avondal e Engineering has successfully net
the chal |l enges poséd by zone outfitting technology. W hope today
to give you sone idea of the scope of the challenge presented to
Avondal e Engi neering by zone outfitting and the changes t hat
resulted fromour efforts to inplement this new technol ogy.

| will provide a bit of a background as to sone of the basic
concepts of zone outfitting technology. M presentation wll be
fol lowed by that of our Assistant Chiref Engineer, Alan Nierenberg,
who w |l speak on Pre-Contract Effort and Key Plans. Then, each of
our section leaders or their representative Wl speak about the
particul ar experiences encountered in the inplenmentation of zone
outfitting for their section.

The apparent benefits of zone outfitting as practiced b{,Japanese
shipbuilders, and IH in particular, are shorter production times
and less cost. In fact, the productivity inprovenments over the US.
yards are so great that the first inpulse is to produce a carbon

copy of their system Their systemin its entirety, however

includes facets over which a single U S shipbuilder, or even a

group of shipbuilders, has little or no control. Such facets even
reach into the sociological and cultural make-up of Japanese versus
American society - for exanple, the relationship of enployee and

enpl oyer which produces very little mobility of enployees. W found
that the average length of service of an IH Shipyard Engineering
enpl oyee was about 18 years, whereas at Avondale it is about 8

years. An enployee in Japan is considered unreliable if he changes
enpl oyers, excepf in rare instances. Another aspect of the Japanese
system that cannot be readily reproduced in this country is their
extensive use of industry standards Avondale’s approach, then, was
to study the underlying concepts of the IH zone outfitting

technol ogy and to select those concepts that could be applied or
X°”'3|be modi fied and applied to our particular environnent at

vondal e.

Up until a few years ago, Engineering at Avondale followed what |

wll call the “Conventional System Approach.” Al drawings were

devel oped to describe a single systen1or entity such as: the Miin _
Deck, Transverse Bul kheads, Bilge and Ballast System the Fire Miin
System etc. A drawing seldoned m xed conmponents within a craft and
rarely mxed crafts on the same draw ng. his systens apProach_mas
adequate for the production philosophy where, basically, the ship

was built in sections and these sections were assenbled into a
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complete hull before most of the outfitting material was install
OQutfitting material in this context refers to all the components
>other than basic steelwork. Production ship scheduling was,

.therefore, steel-work oriented. Piping and other outfit materia

‘.'were generally added only after the hull was complete, except in

cases where the outfit material had to be installed as productio
progressed. This system approach was underscored because
Engineering's development of outfit drawings always lagged

+ - gubstantially behind the hull development.

Avondale 's application of zone outfitting technology essentially
requires that all aspects of the ship be developed concurrently.
The focus of Engineering is on Production and productivity. The
general intent is that the ship be built in sections called ''uni
and that these units be outfitted as they are being built. You
find as the seminar progresses that units are further divided in
"sub-units" and then ‘"partial sub-units."

Following are the definitions of some terms you will be hearing
lot of today:

A "unit" is a structural portion of the ship. Its
dimensions are generally limited by its weight when
outfitted. It may be a portion of the double bottom,
a piece of side shell, or part of an engineroom flat.

A "block" is an assembly of two or more units.

A "Package' or "Package Unit" is an assembly of
outfit material and/or components. An example may be
a pump package which would consist of a pump or pumps
and the asscciated strainers, filters, foundations,
piping, gratings, walkways, ladders, electrical
controllers, instrumentation, etc. It is generally a
complete assembly of all components occupying a

et particular space on the ship. It may even contain

components not related to the assembly by functiomn"
but related to it by location - such as a salt water
line passing through the foundation for a fuel oil
package. Since it is in that location, it would be
part of the package. The aim is that once that

T package is landed in place, a minimum of additiomal

work will have to be done in that location to place
the systems in operation. Package Units may be
landed on unit, on block, or on board, depending on
weight considerations and the hull erection sequence.

The driving force in zone outfitting technology is the installat

of components at the times and under the conditions that produce
lowest overall costs. This sounds very simple. As we progress,

-2-




will see that “times” also mean “places” or “locations, " and
“conditions” also mean construction status, worker environnent, and
the end use of the conponent. This challenge denmands very close
Blannlng and coordination anong the Enqlneerlng di sciplines and
etween Engineering and Production. Al nust clearly understand
gxactly_mgat {s going to be acconplished and how and by whomit wll
e carried out.

Zone outfitting actually could be applied even if the engineering
draw ngs were prepared using the conventional system approach. This
aﬂproach woul d require a set of conpleted system draw ngs prior to
the start of construction and a staff of production Ehgineers to
sort out what should be installed at the different stages of
construction. This would not be very cost effective, Since the
srstens woul d probably not have been detailed to suit this approach,
plus a lot of time would be involved keepln? track of each _
conponent.  To gain the maxi num advantage, the construction draw ngs
must be subdivided and devel oped in accordance with the Production
Plan for fabricating and outfitting each unit.

Each drawi ng nust contain only that information necessary to do the
desired job at the planned time. The designer nust also consider
the physical progress of the surrounding area at the tinme of

instal ation.  Previous dinensioning techniques of distance above
basel ine and distance off centerline cannot be used in installing a
conponent, say a pipe run, in a unit that does not contain the
centerline or baseline. Dinensioning, therefore, nust refer to a

fixed point in the unit being worked. It is very inportant that the
drawings reflect the agreed upon construction sequence, since they
also control the flow of material. Portions of piping systens,

nmanhol es, |adders, reach rods, wreway hangers, etc. may require
installation as a particular unit is being constructed, maybe before
the unit is conplete or before it is painted. The drawing reflects
this by specifying when the material or conponent is installed.
This specification is called a pallet code. Each piece of naterial
is pallet coded. ~ The Material ntrol Section of Production uses
the pallet code information to assenble all material to be installed
at a particular _time and routes it to the exact |ocation for
installation. The inportance of the pallet code cannot be

over enphasized, since it controls the flow of material. In zone
°“t“tté§E’ the flow of material ba5|caIIY controls the cost of the
AOb'dI PH IN-1 is an exanmple of the Pallet Code System used at
vondal e.

The Pallet code is basically an eight-character designation. The
first two characters represent a craft |abor cost code. The mddle
three characters specify the unit nunmber for material to be
installed on unit, or the zone for material to be installed on
board. The sixth and seventh characters are the pallet seria
nunber. The last character in the code indicates the stage of

- 3-
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construction at which time the material wll be installed. To
assist Production in the control of material, each drawing on the
%%%I% has a tabulation of the ﬁallet codes contained on the draw ng.
CRAPH IN-2 is an exanple of this tabulation.

- Some reassignment of work in the Engineering Sections was necessary

to better equip the Avondale Engineering Departnent to acconplish
zone outfitting; however, there was no major reorganization. The
most, significant organizational change was to establish the Package
Unit Group in the Mechanical Engineering Section. This group

devel ops .con'PI ete nachi ner¥ package units for the nachinery space.
They detail the equipment foundations, gratings. and handrails, as
wel I as the piping, instrumentation, etc. re wll be said about
this later in the day. [IH consultlants had recommended to_ Avondale
management an engineering organization simlar to theirs. GRAPH

I N-3 shows the basic engineeing organization utilized by IH. It
consists of four Engineering Goups: Deck, Machinery,
Accommodation, and Electric. Such a change was not considered
necessary at Avondale, in addition to not being best suited for our
present distribution of talents. Functionally, however, our current
%)r Ianl zation enbodies some of these concepts. Exanples are as

ol'l ows:

The neV\Aﬁ established Package Unit Goup handles all aspects of
t he Package Unit design.

Qur QthittinP Section essentially controls the arrangement and
routing of all systems in the acconmodation areas.

The Mechanical Section controls the routing of all systens in
t he machinery space.

The Hull Section still handles the steel superstructure and
machi nery space structure, except for the Package Unit
foundations and support structure which is handled by the
Package Unit G oup.

- The output of the Hull Section is the Yard Plans which are used
by the Mld Loft to produce the working draw ngs.

These procedures are very simlar to the IH concept.

Regardl ess of the organization or how it is constructed, the nost .
necessary ingredient "is effective communication. Good conmunication
"is inportant, not only anong Engineering personnel but also between
the Engineering and Production orgznizations. Wth the proper |evel
"of discussions involving the working 1§1:oups of Engineering and
Production, the methods and details of the construction can be

di scussed ahead of time and reflected in the construction draw ngs.
The personnel supervising the preparation of the draw ngs nust be
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_ THIS DRAWING CONTAINS MATERIAL WITH THE FOLLOWING PALLET CODES
PALLET
CODE DESCRIPTION
S DURING SUB ASSEMBLY ................. T ON UNIT
U BEFORE TURNING DURING MN ASSY ........................ ON UNIT
T AFTER TURNING — PRIOR TO PAINT ........................ ON UNIT
v AFTER PAINT — PRIOR TO ERECTION ........................ ON UNIT
J AFTER JOINING W/OTHER UNITS — PRIOR TO ERECTION..ON BLOCK
X | BEFORE CLOSING IN .......0oveirieiviiiiiiiiiiiiiii, ON BOARD
Y EASY ACCESS OR ON OPEN DECK ........................ ON BOARD
7. FINAL OUTFITTING, PILFERABLES, SPARE PARTS,
LOOSE ITEMS, ETC. .o vieeserenseneeneareenaeaneanans ON BOARD

1R MATERIAL TO BE ROUTED TO RACK ASSEMBLY AREA
1P MATERIAL TO BE ROUTED TO PACKAGE UNIT SHOP
1 MATERIAL TO BE ROUTED TO PIPE SHOP
2 MATERIAL TO BE ROUTED TO FRP PIPE FABRICATION AREA




aware of how the work will be acconplished. They can then insure
éhaé the engineering drawing is of the greatest assistance to
roducti on.

Zone outfitting technology has not only required a change in the
manner in which information is presented to Production, it has also
changed the anmount of information supplied. Engineering is nuch
more deeply involved in the methods and sequencé of conStruction,
since this rationale nust be reflected in the drawings. The control
of material nmust also be reflected in the drawings. In addition
certain work previously left for field acconplishment is now
reflected on the drawings. An exanple is the detailing of small
pipe 3/4" to 2*, which was previously field run

The preparing of drawings on a unit basis has greatly increased the
nunber of drawings. The total amount of |nfornat|on,suppl!ed | S
greater because of the added scope, but by no means is It in the
same ratio as the increased nunber of drawings. Each draw ng covers
a smaller portion of the ship, as conmpared to the conventiona
nethod. There are only a few very long “H size draw ngs. Mst of
the drawi ngs are of the booklet type. If we were to count the
nunber of drawings in the plan schedules for two simlar ships at
Avondal e, the zone outfitted ship would have about tw ce as nanyl
drawi ngs. The major reason for this is in the nethod of presenting
the P|p|ng work.  There are about three times as many piping plans
for the zone-outfitted ship. This is because a piping arrangenent
drawi ng which may apply to two units is acconpanied by two pipe
detail drawings and two |ists of materials, one each for each unit.
PreV|ousby, the arrangenment drawi ng would have included nmore units
and woul d be acconplished by only one pipe detail booklet and one
list of material. This is necessary, since the pipe is fabricated
b¥ unit, then stored by pallet code to await installation. The |ist
of material nmust be by unit to suit the pipe fabrication sequence.

Under the conventional system approach, a particular dramnn? had a
Production required date based on when Production intended to start
work on that system Production work on the entire system nay have
spanned a considerable Iength of time. Under zone outfitting, the
same anount of production work will be portrayed on many draw ngs.
Each draw ng, however, has a nuch nore critical issue date since
work on that portion of the systemis closely knit into the
pre-outfitting plan. This neans that Engineering must very
effectively plan the start, the progress, and the issue of all
drawi ngs and the support activities necessary to provide the

i nformation needed for developing these draw ngs. The Engi neering
Pl anning and Scheduling Section has been expanded to effeCtively
handl e this task, and a detailed description of its operation is
schedul ed for |ater today.
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The use of zone outfitting at Avondale, thus far, has increased the
scope of the Engineering job and consequently the engineering

costs. However, it is expected that this increase will be more than
offset by savings in manhours and time in Production. This first
use of zone outfitting in Engineering involved a considerable
learning period. Many operational procedures were established only
through pains~-taking investigation and some trial and error. These
costs will not be repetitive. The next zone outfitting engineering
job will benefit greatly from our experience here. As we improve
these methods and as all concerned become more familiar with the
system, we expect that less information will be required from
Engineering. It is also intended that many of the methods and
details developed for this first job will become a standard on
future jobs, thus reducing the engineering costs. It is anticipated
that, as methods are standardized and improved over several jobs,
the engineering costs may actually become equal to those under
conventional methods. The savings in Production will also improve

as their techniques are further refined.

The most severe impact on Engineering for zone outfitting has been
the schedule requirements for issuing drawings. These requirements
demanded quick resolution of problem ares, prompt and complete
response from vendors for resolving interfaces and very close
coordination among the Engineering disciplines and between
Engineering and Production Planning. Many new approaches, both in
fabrication and in presentation of engineering information, had to
be resolved with the production crafts during the development of the
drawings. Much of this will not be necessary on future jobs. These
demands were met by a proper concentration of engineering talent on
the job from its very beginning.

GRAPH IN-4 shows the percentage of spending against time for a
current zone-outfitted job compared to z composite curve of several
previous jobs. Please note the steep slope of the current job about
5.3% a month as compared to about 3.8% a month on previous jobs.
This means that at keel laying the engineering is about six to seven
months ahead of where it would have been following the previous
system.

The most challenging aspect of zone outfitting for Engineering is
the start of the engineering effort. The manning build-up period
must be short. Once the necessary manning to meet the schedule is
reached, it must be maintained as necessary and the progress
monitored closely. Of course, we all know that manning alone is not
the total answer. Productivity has to be achieved. False starts
and reverses must be avoided. Manning cannot want for direction,
information, or decisions. The most important pre-requisite to a
good start is a complete, correct, and well defined contract package.

Mr. Nierenberg will speak to this subject.

-6-
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DESI GN ENG NEERI NG FOR ZONE QUTFI TTI NG
PRE- CONTRACT EFFORT AND KEY PLANS

PRE- CONTRACT _EFFORT

The concept of a pre-contract effort in unit and zone outfit-
ting nethods of shipbuilding is perhaps the ultinmate recogni-
tion of the many differences between Japanese and U.S. ship-
bui | di ng philosophies and working environments and an attenpt
to overcone these differences to provide the necessary inforna-
tion to inplement this technol ogy.

The majority of commercial ship contracts in Japan rely heavily
upon previous ship designs, industry standardization and grad-
ual inplementation of new technology, thereby resulting in a
wel | defined ship design at tine of contract. In contrast to
this, the US. shipbuilTding market offers only a limted number
of new construct|on_oRportun|t|tes for widely var¥|ng.types_of
vessel s, each of which generally incorporate quantum junps in
technol ogy over previous designs, meking the effective use of
previous design details limted at best. The nethod of ship
contracting in the U S., the issue of design responsibility

bet ween shipowner and shipbuilder, and the role of independent
naval architecture firms all contribute to uncertainty in nmany
key aspects of a ship design during the proposal and contract
negotiation stage.

These uncertainties in a basic vessel design generally have two
(2) pronounced inplications to the shipyard. The first issue
Is a scaricity of conplete and workable details of the ship
design which makes the preparation of accurate cost estimates
risky. The second nmgjor issue, although not totally indepen-
dent” of the first, is the lack of sufficient technical informa-
tion at the time of contract to enable rapid engineering devel-
opment to proceed as necessary to acconplish the goals of unit
and zone outfitting.

At this time, is is extremely inportant to recognize the over-
all scheduling concept associated with unit and zone outfitting
to understand the conbined inpact on the engineering scheduling
effort. F|rstIY, it is expected that the total construction
period from keel laying to delivery for a unit outfitted ship,
as conpared to a conventionally constructed vessel of conpar-
abl e configuration, will be S|gn|f|cantIK reduced enabling the
shipyard to offer a quicker delivery with the vessel cost |ess
subject to added escalation. This SaVIn?S intine is generally
applied to the total contract tine with theoretically no inpac



on the pngineerin% lead time. However, the system of unit
outfitting and other production techniques also dictate that a
far greater stage of overall work conpletion be achieved at
time of keel laying, necessitating the start of pre-fabrication
several nonths further in advance of the keel laying date than
i n conventional construction nethods _result|n? In a shortened
eng|neer|n% lead tine. The unit outfltt}ng net hodol ogy al so
requires that a far greater |evel of engineering be conplete at
the start of pre-fabrication such that all possible work is
acconpl i shed on-unit.

Ve have adopted the phrase, “engineering essentially conplete”
to illustrate our overall scheduling goal at time of pre-
fabrication. Typically, we have seen the percentage of tota
engi neering_ manhours 3pent at tine of pre-tfabrication increase
from approximately 50%in a conventional construction systemto
approaching 75%in a fully unit outfitted concept.

Additionally, in order to support unit outfitting requirements,
t he quanﬁlty of engineering information required has grown
substantial [y, adding to the burden of time. The added |evels
of engineering for each discipline will be covered throughout
this Presentation.

The net effect of the overall vessel scheduling is a far
greater level of engineering effort to be acconplished in a far
shorter period of time. This fact is clearly illustrated on

G aphs No. PC-1 and No. PC-2.

In order to provide the needed engineering response in |ight of
a doubled level of intensity, it I's inperative that a pre-
contract level of effort be expended to properly position the
engi neering disciplines for this tremendous post contract
effort. The exact objectives of the pre-contract effort wll
obviously vary from programto programand w |l be decided bK
?anagenent i n consideration of the business environment at that
| ne.

A prime consideration in the planning of the engineering effort
must always take into account that wth a level of effort twce
that of a conventional contract, every after contract uncer-
tainty, design change, etc. has twce the inpact due to the
rapi d pace at which the engineering and installation details
are being developed. It nust be renembered that the pre-
contract effort 1s virtually always funded at the shipbuilder’s
expense and, therefore, the effort nust be well managed and be
as productive as possible.

Sinply stated, the objectives of the pre-contract effort are to
ensure design parameters, contract requirements, construction
met hods, scheduling and long lead time naterial needs are al
wel | defined at tine of contract such that the intense



engineering effort can begin. As will be discussed later, the
engineering effort inmediately after contract is considered the
“key plan” stage, at which ti'ne all facets of the engineering
design are to be finalized to enable um npeded devel opnent
during the yard plan stage. (See G aph No. PC-3.)

The overal| effectiveness of the pre-contract period is largely
controlled by the method of ship contracting and the commtt-
ment of the vessel’'s owner |n_Part|C[pat|ng in this endeavor
with the shipyard. In conpetitive bidding situations, whether
for private or governnent contracts, relatively little dialogue
wi Il be possible with the owner, and the shipyard s effort nust
be adjusted accordingly. On the other hand, negotiated con-
tracts with owners who have in-house technical staffs can
result in pre-contract efforts that resolve nunerous design
detﬁllﬂ and pave the way for effective design devel opment after
contract.

In sonme respects the Iisting of pre-contract objectives may
seem routine, but the demands of the unit outfitting system
require extrenely close cooperation among all facets of ship-
yard operations and the early involvenment of Production Plan-
ning in the design effort. As a fewlexanﬁles of the interela-
tionship which exists, consider that in the unit outfitting
system a draw ng |IStIn% cannot even be conpiled by Engineering
until such time as the hull unit construction arrangenment is
defined, or the fact that the material need date for the sane
P!ece o{h%§U|pnent can vary as follows, depending on construc-
ion nethod:

CONSTRUCTI ON__METHCD MATERI AL NEED ( MONTHS )
On Board
On Unit 17
Package Unit 12

In sunmary, the unit outfitting methods offer a powerful tool
for ship construction, but sinultaneously place a substantially
I ncreased burden on the engineering and planning activities.

In order to neet the schedules inposed, it is inperative that a
clear and concise understanding of the task at hand be under-
stood at time of contract, including the sizeable expenditure
of conﬁany resources in anticipation of a contract to acconp-
lish the nhecessary state of preparedness.



KEY PLANS

The concept of Key Plans is reaIIK not a new idea to U S. ship-
bui | ders, as the designation of the vessels’ principal design
drawi ngs has been referred to as Key Plan by the U S Mritine
Adm nistration for many years. However, in-unit and zone out-
fitting nethodol ogy, the scheduling of key plans becones of
critical inportance as these drawings are intended to depict
al | aspects of the vessel design which are necessary for detai
drawi ng devel opnent during the yard plan stage.

For a typical commercial shiP construction programwth a
twenty-eight (28) nonth construction period as shown on G aph
No. PC-1, the engineering lead time period is twelve (12) .
months prior to Pre-fabrication. This twelve (12L mont h peri od
woul d generally be divided into a five (?% mont h key plan stage
and a seven (7) nonth yard plan stage. ere are obviously
overIaPs in that time frame with many of the key plans sche-
duled tor conpletion within the first month or So after the
contract, and the five (5) nonth period representing the com
pletion of all the so designated key plans.

The determ nation of which drawings are to be identified key
plans is done during the initial preparation of a drawi ng |ist
and is the basis for the first draw ng scheduling effort for
any engineering section. In general, any draw ng which depicts
design details of the vessel In way of arrangenents or system
confrguration or is necessary for the procurenent of |ong |ead
time material will be designated as a key plan. Each Engi ne-
ering Section will discuss additional aspects of these draw ngs
during their presentation, and the follow ng Gaphs No. KP-1
through No. KP-8 illustrate the designation of key plans on a
recent product carrier program

There is one very inportant concept of key plans that everyone
shoul d be aware of wth the necessary steps taken to avoid that
pitfall, that being too rigid an interpretation of drawi ng com
pletion during the key plan period. |f drawings are configured
In a more or Tess conventional fashion, many key plans wll
require information which is not available as yet due to fur-
ther vendor _information or additional devel opment work .
required. This nust not be allowed to hold up the distribution
of the design information aspects contained on the key plans,
as this information has been integrated into detailed schedul es
and is needed by other sections to start their effort. This
potentlalmﬁroblen1can be overcone by the use of separate design
sketches wnich later formthe basis of a yard plan, or the
creation of additional draw ngs whose scope is |imted to the
design details.



A good exanple of this is the area of conpartnent and arrange-
ment draw ngs, where on commercial contracts ASl does not pro-
duce a final conpartment and access drawing, but rather a com
| ete general arrangenent drawing. To satisfy the needs of the
ey plan period, sketches called “conpartnment and access stu-
dies,” with information limted to that needed by others at
that time, were created. These sanme draw ngs would be ulti-
mately expanded to becone the general arrangement draw ngs to
be prepared during the yard plan period. In other areas, such
as piping diagrans where virtually all the data is needed early
b)(] ot her segnents of the shipyard, the drawing is conpleted to
the maxi mum extent feasible wth outstandi ng vendor data or
other information, which is not truly-needed by others at that
time, held in reservation. The inportant concept is that there
must be excellent comunication during this design period wth
no one waiting to issue a final perfect plan at the detrinent
of wi thholding valuable data others require.



OVERALL SCHEDULING IMPACT
UNIT OUTFITTING vs CONVENTIONAL CONSTRUCTION
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INTENSITY OF ENGINEERING EFFORT
CONVENTIONAL CONSTRUCTION
e Total Enginecering Manhourg = = = = = =« = = = «a « 350,000
e Percent Complete At Pre-Fabrication - - - - - = = 60 %

o Months From Contract To Pre-Fabrication= = = = - =~ 14
e Manhours Per Month (avg) Prior To Pre-Fabrication - 15,000

UNIT OUTFITTING

o Total Engliheering Manhourg = = = = = « = = = = = 500,000
e Percent Complete At Pre—Fabrication = = =« = = =« - 80 %
e Months From Contract To Pre-Fabrication- = = = = 12

e Manhours Per Month (avg) Prior To Pre-Fabrication - 33,333

SUMMARY

e Engineering Intensity More Than Twice As
Great In Unit Outfitting
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Qa.ecnves OF ﬁhl;i*coumAcr EFFORT

CONSTRUCTION & SCHEDULING

= Hull Unkt Constructioa Arrangement Ajl
= Quttitting Zone Assignment - ,-,:,’_-}'E
- Materlal Need Dates Dp
= Package Unit Determination

= Drawing List & Scheduling

- Kay Plan Determination & Scheduling

- Manpower Planning

MATERIAL REQUIREMENTS

= Purchasing Depariment Terms & Conditions
= Purchase Specifications For Major Equipment

CONTRACT PACKAGE

= Contract Specificatioa

= Complete Contract Drawing Package
» Plping Dlagrams
» General Arrangements -
- Structural Drawings
» Electrical One~-line

= Naval Architecture Calculations
 Longitudinal Strength
* Intact & Damaged Stabllity
* Weight Estimate
* Lines Plan

ADDED ENGINEERING EFFORT

" Model Testing
. = Inltial Regulatory Body Review
= Lines Fairing
* Ventllation System Development
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DESI GN ENG NEERING FOR ZONE QUTFI TTI NG
AVONDALE SHI PYARDS, | NC.

HULL TECHNI CAL AND DESI GN SECTI ON




DESI GN ENG NEERI NG FOR ZONE OUTFI TTI NG
HULL TECHNI CAL AND DESI GN SECTI ON

| NTRODUCTI ON

The following is an account of the inpact that the introduction
of zone outfitting has had on the Avondale Hull Technical and
Desi gn Secti on, ich will be referred to here as the Design
Section. It should be noted that this report will address zone
outfitting technology versus the “conventional” technology of
shipbuilding. The term “conventional shipbuilding” is SIﬂle
the system that Avondale used prior to the introduction of the
| H system

The Design Section is conposed of naval architects, civi

engi neers, computer programmers, weight progranmers and
drafting support personnel. The responsibility delegated to
the Design Section under the conventional shipbuilding system
Is the design and preparation of n1dsh|P_sect|ons and

associ ated scantlin Pjans, fairing of Iines, naval
architectural calculations and draw ngs, weight estimtes and
support functions for other sections on an “as-needed” basis.
These responsibilities are common throughout the shipbuilding
industry and generally nust be the very first task .
acconpl ished. ~ Al'though early conpletion of all engineering
functions is desirable under anY system of ShlprI|dIn%, one of
the main features of zone outfitting technology is to have all
maj or engineering efforts conpleted by a pre-determ ned
accglerated date which corresponds to the start of prefab by
Product i on.

The main inpact of zone outfitting technologﬁ_on the Design
Section has been to add several new responsibilities. Some of
these functions are conpletely new to the shipbuilding schene,
while sone are functions that were the responsibility of other
departments under the conventional system These new
responsibilities are, as will be seen later, such that the¥_
must be finished very early so that the accelerated conpletion
date can be met by all Engineering Departnents. These new
responsibilities are:

Devel opment of Structural Key Plans

- Creation and Mintenance of the Data Base
Review of Unit Drawi ngs
Producti on/ Engi neering Liaison



A

DEVELOPMVENT OF STRUCTURAL KEY PLANS

Structural key plans are very detailed scantling plans that
show al | aspects of the vessel's structure. The vessel s
divided into three nain divisions with each division having
Its own key plan. The first area is the forward structure
fromthe stemto the collision bulkhead; the second is the
cargo hold structure between the collision bul khead and
forward machinery bul khead; and the third is the after body
structure, including the machinery space and after peak
structures. Al frames, bul kheads, decks, flats, stringers,
stiffeners, shell plates and major penetrations, along Wth
most maj or equi prent foundations, are included on eac
respective key plan.

The primary purpose of the key plans is to provide a .
docunent depicting all details related to the vessel’'s ngjor
structural components for use by all departnents, both

Engi neering and Production, in their own respective
functions or tasks related to the shipbuilding effort. For
exanPIe, the Hull Drafting Section uses the data shown to
develop the yard plans or unit draw ngs. The Piping Section
uses the plans to [ocate najor interferences of therr piping
runs.  Production Planning uses the plans to aid in the unit
breakdown development.  Since the key Blan is a tool for
other departments, the draw ngs must obviously be conpl et ed
very early to allow the accel erated Engineering conpletion
dates to be met. This obviously requires all support tasks
necessary for the devel opnment of the key plans to |ikew se
be completed earlier

The scantling plans and m dship section should be finished
with regulatory body approval prior to the start of the key
plans. “Finite elenent studies must be finished in support
of the scantling and mdship drawings. The vessel’'s |ines
shoul d be completely faired and | oaded to the data base.
Basi ¢ damage stability calculations depicting intended
vessel conpartmentation, as well as longitudinal strength
studies, should be concluded pre, or at least during, Key
pl an stage.

CREATI ON_AND MAI NTENANCE COF THE DATA BASE

This function is one of the duties that was the .
responsibility of other departments under the conventional
system  The data base is a storehouse of information that
wll, through the use of designated conputer prograns,
define all structures within the vessel inclusive of the
vessel's shell contours. The data base is devel oped or
created in a systematic manner starting with the definition




of the vessel”s final faired lines. Then surfaces such as
decks and bul kheads are added, along with shel

| ongi tudinal, traces and shell seams. This data base is
updated and maintained through the span of the contract to
reflect any and all devel opments that occur as production
proceeds.

The data contained within the data base is used to devel op
conputer prepared drawings. Any frame, bul khead or deck
contour can be retrieved and drawn depicting the associated
stiffeners. Once the drawi ngs have been devel oped and the
data base data verified, the data is used to control the NC
burning machines in the Plate Shop, the generation of

tenpl ates, bending of frames, etc.

REVI EW OF UNI T DRAW NGS

Once the key plans are issued, the Hull Section will use
themto develop the yard structural plans or “yard plans”
that are sub-divided into each particular hul
construction/erection unit. These unit draw ngs are
complete with the smallest detail shown and defined to allow
t he Réeparatlon of the unit parts list, “UPL’S,” from which
the Mold Loft B&&pares the unit construction manuals,
“UMs.” The S are the documents from which the stee
I's nested, nmarked, punched and burned within the
construction sequence. Therefore, in order to assure the
accuracy of the data released to Production, the Design
Section will review the unit drawings to verify that al
details are in accordance wth the Intended design and

| at est devel opnents.

PRODUCTI ON ENG NEERI NG LI Al SON

Since the Design Section is responsible for the devel opment
of the key plans, questions and problenms that arise during
deveIoPnent of yard plans and N C burning, input is

channel ed through the Design Section for resolution.

Al though this is not a new function of the Design Section
the amount of day-to-day involvenment has intensified due to
the increased detail of the actual design work now _
undertaken.  Also, since the data base maintenance requires
daily involvenment, the flow of input to and fromthe Design
Section has increased drastically.



GENERAL

Unquestionably, the nmost single dramatic inpact zone outfitting
technol ogy has had on the Design Section is the responsibility
of developing the structural key plans. As the key plan is a
new devel opment to the shlpr|Id|n% schene, a brief description
of the drawing, as well as the method used to create this
drawing, is in order.

Once the ship's lines are faired, the data defining the nol ded
contour of these lines are |oaded to the data base. This data
base is unique for each class of vessel or, if warranted, can
be unique to each vessel within the class. The vessel’'s ngjor
structure such as decks and bul kheads are then added as shown
on the vessel’s scantling plans and arrangement draw ng by
defining the intersection of these structures with the shel
contours. Once these structures are |oaded, smaller structures
such as shell, deck and bul khead stiffeners are added. The
data defining these structures includes the trace along the
particular surface, the actual scantlings of the stiffeners and
the associated cut-outs through other structures. This process
s continued until the entire ship has been defined. (See

G aphs No. DS-1 through DS-4.)

As the data for a particular section of the vessel is .
conpl eted, the actual ke% plan drawing is started. Datais
retrieved fromthe data base and passed to a graphic conputer
termnal. Here the data is verified and details are added,
such as labels, small brackets, etc. This is done until al
structure is shown in sectional, plan and elevation views. As
the views are conpleted, a hard copy of the data stored in the
graphic termnal’s storage area is produced to becone the key
plan. The drawing is presented in a booklet format to allow
the data to be shown on an adequate scale, while at the sane
time allowing the drawing to be a manageabl e size. FEach sheet
Is set to be “D" size (22 inches x 34 inches) wth plan and

el evation views drawn at a 1/8" to the foot scale and section
views drawn to a 1/4” to the foot scale. These scales and
drawi ng sizes have Proven satisfactory to allow the key plans
to be reproduced full size if needed or at a reduced size that
wll conformto a 11" x 17" format.

Avondal e uses a combination of the “SPADES’ conputer system
with a “CADAM graphic Package to create the key plans. The
two systems are currently interfaced on a one-way street, i.e.
SPADES to CADAM  However, to allow direct access fromthe
graphi ¢ package of CADAM back to the vessel’s data base, an
Interface wll be devel oped either wthin SPADES or by a
stand-al one programthat will permt any devel opments created
on the graphic termnal to be stored back to the data base.
This wil'l allow the data base to be automatically updated as



the key plans are being created, thereby elimnating the
additional step of revising the data base by hand so as to
reflect these devel opnents.

The key plans are issued to regulatory bodies, owners and all
departiments within Avondal e as each is conpleted. Regulatory
bodi es, namely, the American Bureau of Shipping, wll take
review action on the key plans; however, the traditiona
scantling plans and mdship sections are still required for
approvals.  The current practice at ASI is to start and issue
the cargo block key plan first, the machinery space/after body
drawing, and then the forward structure draw ng. Zone
outfitting as practiced by the Japanese is based on issuing the
machi nery space first, since nost of the varied craft work
required by the yard is in this area. This increase in craft
work requires nore lead time by the yard and, therefore,
according to Japanese shipbuilders, Production should receive
the drawngs in this area as soon as possible. However, a
basic difference between the U S. and Japanese systens of

shi pbuil ding exists that will not allow this to occur. The

shi pbuilding industry in the United States has not been able to
standardi ze the conponents of the vessels not only between
owners, but between vessel types. Since the conponents are not
standard, additional tine is required in Engineering to devel op
and procure these conponents. his additional time required
woul d cause the “key plan conpletion” date to fall behind,

t hereby causing a snowbal |l effect on the remainder of the

Engi neering effort.

Zone outfitting technology as applied to shipbuilding at ASI
has caused several additional problems. Conpounding the
Problens normal |y associated with starting a new system was the
act that ASl had ongoing work from existing contracts that was
bei ng done under the conventional system and schedul es. Since
the zone outfitting requires nost work to be perforned early_
within the contract period, sonme identical work on the existing
contracts was being done or scheduled to be done in the same
tinme frame of that required under the first IH system
contract. Qbviously each department was affected by this fact
to varying degrees, depending upon their own status of existing
work. ~Since input fromother sections is required for the key
plan devel opnent, changes and revisions to the key plans were
constantly required as a result of this bottle-neck situation

Some ﬁroblenslassociated with zone oquittin% are inherent to
t he shipbuilding philosophy existing in the United States.

Zone outfittng, as practiced by Japanese shipbuilders, does not
take into account the numerous change orders that are

associ ated with contracts in the U S The effect of these
phanﬂes are such that production schedules are forced to slip
if the changes are accepted. \Wile some provision nmust be



adopted to acconmodate changes, additional provisions nust be
incorporated into the initial schedule or changes cannot be
performed until after delivery if the schedules are to be net.

Anot her drawback to zone outfitting techniques for design

engi neering is that on some construction BrOJects, such as
single vessels or sinple vessels such as barges, the increased
tine required for creating the key plans may not be justified.
Therefore, the yard is faced with maintaining the dual system
to sone extent or being nore restrictive to the type of vessels
whi ch can be taken under contract.

Zone outfitting enPoned.at Avondale will lead to heduced i e
and cost required to design and build a vessel. The norma
roblems that are associated with any new system have |argely
een worked out in the first contract on which AS | enpl oyed
zone outfitting tehcniques. There still remain sone problens
that nust be considered and resol ved, but both ASI nanagenent
and personnel believe that the new system s basic features of
requiring schedules with earlier conpletion dates and the tools
to allow these dates to be net will achieve the intended goa
of reducing cost and nanhours.



8 7 | 3 5 | 4 3 | 2 | 1
SEE_8KT, DET.
9-8 REF.3
1 i i i 1 i
L — I NP N | By | R | T T T 1 l
1 I] 1 \ ..,_.I —
P J—
— . -l O —¢ " w—ﬂo -
. / Y - ] S ¥ A L~ /; 9
- // \ B M \ ’ \ '
L/ \ N /
SEE BKT. DET:
o t \ T 9-8 REF.J Y
NEB FRAME .47°PLI,
3 t (AH-32) W/6*X,63°F.B, ALY
PANEL STIFFS, ~ P
“1 C——— ") .\\ - P r-‘
~>-SEE BKI, DET: .
—y— st S REES T e
5 FC.PLT, ~
|y - - VIAK-32) l—y———§ p B =
fy—— e Bc & t
— Pl B L S, -
5 L, PRI : w
=y - - -~ =y - — 1 Y
- “HEB FRAHE .47°PLT, (AH-32)
_, | |, W/6X.637F 1B, PANEL STIFFS. | o]
. - B
=y ——- _ -Litor. - SEE BKI, DET~” Ay
TG A REFLS S *.
7
SEE BKT. OET:
9:8 REF.3
. \
REF. FRAME 85 -
L, sui. NO. 27 \
_,-
L ! ! ' T
L T [l ! )
—t1 v by X5 -
——ed - = b —p )‘_, ‘ p- S-1
il nm_L M. Mm_m M r1;J N\ M W m o m [ moe
T 1 ! 1 T \ T ! LOOKING FHD., SCALE 1/4°=1°-0"
PIPE PENETRATION 14 R I
. 47°FLOORS (AH-32)W/6"X .63% ; BT le-
REF. 8 F.B. PANEL STIFFS, D e Heeees
TTTITTTITT FRAKE 81 Jowwe 31
] 1
I | ik { s i [ [ 2 ! 2 a B
3 a“~
—




41°-4° F141
KO O O O "L LIYP)
~ LA
15-x30° A \/
{Tre)
REF # 9
A'"
A" DETAIL 66-A
TRANSY MEB FR 10 LKG FuWD
SCALE 1/74%=|'-0" Ds_2
|m agvision Ll m l I - l 8_06
L T T
| 7 | & 5 | 4 | 2 1




h 4
| 7 | [ | 5 | 4 | 3 2 1
BKT.DET.9-B
REF,
1 1 { 1 { { {
I
1]
4 =\ [ 14
J O ' 0
~ X
Hy— o \ 1= 1
. AN : _
N N\ . ne'd
——t > ’ — BKT.DET.9-A
— {14 REF. 3
B ¢ 4
SRAGEE 53310
h » - REF.'3 o,
GIRDER © GIRDER
o i s
CORRUGATED BHD,
=g - il = DET.23-A.REF. 3 ._:'——/-_-" ]
- -~ - WEB FRAME 47" PLI.(AH-32) ~——1==BKI1.DET,9-A
— s e — ——|ge -2t W/6X.63%F.B. PANEL STIFFS.|.. & | REF,
= Ram ——t f—go2X1 (N
H
oy —— =3—"|_.- 10"x.875% FC.PLT.(CNTRD.) [t
GIRDER (AH-32) GIRDER
~ i,
— ] ——_y
|— BKT.DET,9-A
EF,
. ./- oy e -
| o
/ ~
— O
{ alo i 1 { 1
Il Uy Uwry 1] | 1 W w
CUE | N - LS5 L,
QL] €O ,
i A 9 H N DS-3
m_m lrr’nr‘l m__m | M rrb'\l , : :
! Q ! \_‘7~ FLOORS (AH-32) LOOKING FHD., SCALE 1/74-=)'-0"
PIPE REFE IR W/6°X.63* F.0.(GRADE A) [AE R
PN PANEL iél:g?éoscxccm D #evIstoN 11-18-05
CARGO PUHP SUHP - ERERRARAL FRAHE 89 Jmw 23
7 L ‘ L R I'SEHN - UL J ‘ I ——._g 2 ‘ L

VN




AN

SERVICE DECK

397X.56% - -
W9%.75% o~
FC PL

“‘H-_K_P UPPER DECK
1
l ! B
1
| [} 7
: | ] A
I 1 |
D.: (I 51'-9° $T0R,
b1 ! l_
wl | )
* 1
B L
| i ¥
! J 43°-6° FLAT
LR it
| | 1 [} ]
| | ] [} |
| | ) 1 [}
R T T ——— B X4"X /2% L
| I 440 |
| | | |
1 | | :
R N
t }

33¢-4* SIGR,

INNER BOTION

{ 1 I
-)
3R T
fFC PL
3" J72% PL
13 el 9 4 RAD
2 16 l- / /:X23" A/0 P/S
/ 212 -
1 . 1 =17 i —r/i 1
U |0l J
[ Tl [T S N

DETAIL 32-A
TRANSY. WEB FR. 44 LKG FHD

SCALE: 1/4%=1'-0"

- —15X18* A/D

A70.73.74

\\\\——-.5o~ PL AH-32

| -
"y L' l:_m-/;‘;. \ } \—
15 4 116 <1.0% PL weme |5¥X30% A0 (TYP)

16¢-0° SIGR,

DS-4

i1-18-06

WEB FR 44 [ 32

5 | 4

| 3

r°T||||||||u
2

A

7




DESI GN ENG NEERI NG FOR ZONE QUTFI TTI NG
AVONDALE SHI PYARDS, | NC.

HULL SECTION ( YARD PLANS)




DESI GN ENG NEERING FOR ZONE OUTFI TTI NG
HULL SECTI ON ( YARD PLANS)

| NTRODUCTI ON
The group that we will be reviewing is known at Avondal e Ship-
yards as the Hull Section. It is a group within the Engine-

ering Establishnent

TASK_DESCRI PTI ON
A) GENERAL

Essentially, the Hull Section is an Engineering design
devel opnent group

The prinarY responsibilities of the Hull Section are to
develop hull structural ba3|c.de3|?n concepts through the
medi um of drafting and to define, for requisition purposes,
all associated hull materials for a given program

The secondary responsibility of the Hull Section is to
assi st other” Engi neering disciplines and production, as
necessary, in order to provide the required hull information.

The engineering draw ngs produced by the Hull Section are
known as the “yard plans."  The yard plan is conposed of two
(2) parts, the graphic portion and a structural material

I'ist known as the Unit Parts List. Both will be discussed
in more detail |ater

Sub Goups - In order to nmeet the above stated basic depart-
mental responsibilities the Hull Section is organized into
sub- groups, each assigned specific tasks, or work assign-
ments, along with their attending responsibilities. By
referring to the Hull Section Organizational Chart (G aph
No. VArS?, we can identify four ?4) seParate sub- gr oups,
narrelaf, he Specialty Item Sub-Goup, the Steel Take-Of
Sub-Goup, the Penetration Control Sub-Goup, and finally
the Vendor Review Sub-Goup. Their assigned tasks and func-
tions will be described bel ow.



B) MATERI AL ORDERI NG
1) Structural Steel - Take-off Sub-Goup

The Steel Take-Of Sub-Goup is responsible for pre-
paring bills of material and sunmary sheets for for-
warding to the Engineering Department’s Material Requi-
sitioning Section. After initial take-off and summary
sheets are forwarded to the Material Requisitioning
Section, the group nust continue to update and revise
the initial sheets as the yard plans are revised.

2) Vendor Produced ltems - Vendor Review Sub- G oup

This group is responsible for the follow ng objectives:

a) Review vendor drawi ngs on equi pnment of Hull Section
responsibility.

b) Review vendor drawi ngs on equi pment for which Hull
Section provides foundations.

c) Maintain file for and track all vendor draw ngs
associated with functions (a) and (b) above.

d) Wite technical nenps delineating necessary informa-
tion so that Material Requisitioning Section can
request material not ordered from ASI shop draw ngs.

e) Provide technical review service to Purchasin
Department for vendor submtted quotes on Hul
Section responsible nmaterial

f) Monitor material schedules for Hull Section.

g) Provide assistance to Production Departnent on Hull
Section responsi bl e vendor equipment problens prior
to vessel delivery.

h) Provide service to Cuarantee Section for delivered
vessel s regarding vendor related equi pnent probl ens.

i) Correspond with vendors as required.

j) Mintain contact with Production Material Receiving
Departnﬁnt to ensure timely arrival of purchased
materials. Gaph No. VA-13 depicts the VIR flow

di agram



3) Mscellaneous Mterial

M scel | aneous material appears on yard plans of sone
selected units, as well as on system draw ngs devel oped
by the Speciality Item G oup.

SPECIALITY | TEM SUB- GROUP

This group is responsible for the drafting of shop draw ngs
and conceptual design devel opment of the rudder support

system anchor hand in? s¥sten1 mooring system and all
castings associated with the above nentioned mechanically
oriented systens.

Material is ordered directly fromthese plans. The draw ngs
are forwarded to the Material Requisitioning Section for

Brocessjng Egior to sending the material requisitions to the
ur chasi ng Departnent.

G aphs VA-4A, VA-4B1, and VA-4B2 illustrate the nmateria
list froma selected yard plan and a system draw ng.

PENETRATI ON CONTROL SUB- GROUP

Thi s grouE s responsible for controlling the penetrations
made in the ship's structure with the primary goal being the
preservation of structural integrity.

1) The follow ng functions are perforned by the various
Engi neering Sections, in conjunction with the Penetra-
tion Control Sub-Goup, to acconplish the penetration
control objectives:

a) Hole lists for all size holes are prepared by all
Engi neering Sections |abeled as Rev. O and subnmtted
to Hull Section for review approval by certain dates
established for a given program

b) Revised hole lists reflecting agreed upon |ocations
with the Hull Section are conpleted b¥,the schedul ed
dates. Al changes made from the initial submttal
to the Hull Section are noted as a revision.

c) Holes to be NC burned are forwarded to the Mld
Loft, utilizing a sketch by the Hull Section by the
schedul ed dates.



d) Any required nodifications to hole lists are
forwarded to the Hull Section at once with specia
enphasis and final review of all penetration data
prior to the “drop dead” dates.

e) After the Mld Loft has released a unit for fabrica-
tion, they advise the Hull Section which penetrations
have, in tact, been N C programed.

f) The Hull Engineering Section marks a copy of the
Particular Section's hole list to reflect three (3)
categories of penetrations, NC = nunerical control,
FC = fabrication cut, EC = erection cut, and returns
the hole list to the cognizant Section.

g) Each Engineering Section keeps the hole list current
and advises the Hull Section immediately of any
revisions. The hole lists are issued by each Section
to Production in accordance with the established
schedul e, predicated on all penetrations having
received Hull Section approval.

h) Hull Engineering provides Production with a marked
unit draw ng show ng the location of each hole as a
suppl enent to the hole lists.

i) The Production Department has a specialized Hole
Cutting Crewto cut the holes for all crafts in an
effort to achieve proficiency in penetration cutting
and |ocations. Hull Engineering works closely with
this group to ensure the program s success.

$3afh No. VA-7 shows a sanple sheet froma typical hole
i st.

As mentioned in Iten1(c% above, the Hull Section pro-
vides the Mld Loft wt sket ches for holes_that are
candi dates for numerical control burnlnP. There are
three (3) nethods that are used to develop sketches.

a) Sketches that are drawn using the CADAM conputeri zed
drafting system- Gaph No. VA-2A shows an exanpl e.

b) Sketches that are drawn using the SPADES /CADAM |ink -
G aph No. VA-2C shows an exanpl e.

c) Sketches that are achieved by marking a print from
the yard plan when a given unit has not been | oaded
on t F SPADES data base - Graph No. VA-2B shows an
exanpl e.



[11. 1INFLUENCE OF ZONE OUTEI TTING ON TASKS PERFORMED

A) DRAW NG DEVELOPMENT METHODOLOGY - GENERAL

1) Structural Draw ngs

a)

In the past, hull structural draw ngs were devel oped
utilizing a ﬁysten}by-system approach. The draw ngs
were devel oped with the decks as a system the shel
as a system the web frames as a system and so on.
W can think of these various structural conponents
as systems of the hull envel ope.

The systen}by-sYstem approach presented the entire
shel |, deck or Tongitudinal bulkheads to the Loft,
from which the various units had to be extracted.
The system by-system drawigs did indicate the unit
breaks or erection joints, but the individual unit’s
demarcation lines and extent were not so easily dis-
cernible graphically. Additionally, the system by-
systen1aPproaph reQU|red the user to possess other
systen1p ans in order to know all of the conponents
of a particular unit. My reference plans were
necessary.

TyPicaIIy, the systemtype plans were devel oped. as
rolled drawings of 10 to 20 feet in length. = This was
troubl esone to the user in the field. he cunbersone
size proved to be susceptible to wind action

becom ng easily torn, water soaked, etc.

The greatest influence that zone outfitting techn-
ol ogy had on the functions of the Hull Section was in
t he devel opment of the hull structural plans.

Zone outfitting technology introduced four (4) major
concepts for producing structural draw ngs:

(1) The structure was to be devel oped and presented
unit by unit.

(2) The individual units would be devel oped from a
Key Plan rather than from a rough scantling
plan. The Key Plan conceptually is a nore com
plete scantling plan delineating secondary struc-
ture to a nore detailed |evel.

(3) The structural draw ngs would have their respec-
tive unit’s conponents identified by a
deS|?nat|Qn system that was keyed to the intended
Fons ruction sequence or stages for that particu-

ar unit.



(4) Each unit drawi ng woul d be acconpanied by a com
Elete accounting list of material for that unit,
nown as a Unit Parts List.

Gaph No. VA-1is a flow diagram devel oped fromIH
reports and di scussion sessions that sets forth the
met hod that the Hull ?roup at IH uses to deveIog
their yard plans. ASI essentially has adopted this
procedure wth some revisions to acconmodate indivi-
dual capabilities and facilities. Gaph No. VA-14 is
a flow diagram of the yard plan.

2) System Draw ngs

ASI still maintains the obviously required system

draw ngs, such as the rudder support system nmooring
systenm and anchor handling system one outfitting
technologz has not had a profound effect on the devel op-
ment of these system draw ngs. Their devel opnent

met hodol ogy has essentially renai ned unchanged.

B) .DRAW NG DEVELOPMENT METHODOLOGY - DETAIL

1) Structural Drawings - yard Plan

a) Standards

The adoption of zone outfitting technology has led to
the creation of a |arge nunber of standardized struc-
tugal details, such as the one depicted by Gaph No.
VA-6 .

The adoption of standardized structural details has
led to uniformty in configuration and aPpllcatlon.
Repetitious detail requirenments are sinply referred
to the standards. Details that may be repetitious
for a given contract, but not necessarily an ASI
Standard Detail, are drawn once, reproduced, and

pl aced on the various unit dramnn%§ requiring them
(See Item No. 3-9 on Gaph No. VA1 .)

Sone standardi zed notations, where certain letters of
t he al phabet singularly or in combinations are
assigned certain neanings, are used in the yard
plans. These standardi zed notations are dlrectlx
tied to ASI’S Standard Structural Details. Gaph No.
VA-8 is a listing of some standardi zed notati ons.



b)

Synbolic Logic

The next area where the adoption of zone outfitting
technol ogy has had an influence is in the use of sym
bolic logic. Prior to zone outfitting, ASl structu-
ral plans utilized symbolic logic to sonme degree.
noy the use of symbolic logic has increased signifi-
cantly. Synbolic logic is now used to denote nold
line side, dimensioned side of menmber, stock alloca-
tions, etc. In the future, additional synbolism wll
be utilized in an effort to further standardize
repetitious nmeaning or intent, and thus reduce
wording or graphic presentations on the plans. The
attending cost saving is an obvious initiating factor

Gaph No. VA-9 is a sanple of synmbolic logic pre-
sently used.

Unit Parts List

The next area where the adoption of zone outfitting
has a significant influence lies in the decision to
create a docunment known as the Unit Parts List, or
UPL. Essentially, the UPL is a docunent that
accounts for all the pieces in a unit. [In addition
to accounting for every piece, the pieces are pre-
sented to the user in the order of ascending staPes
of construction, grouped into the various partia
sub-units, sub-units, and pieces required for both
the assenbly and erection stages of construction.
The UPL is an accounting system that presents its
information in the sane order as the docunent ﬁro-
duced by the Production Planning Department, the
“Unit Breakdown Summary Sheet.” Graph No. VA-10
depicts a typical unit "breakdown summary sheet.

It is fromthe “Unit Breakdown Summary Sheet” that
the UPL is constructed. There are additional itens
of information that are contained in the UPL. These
addi tional items of information are notations to the
Loft as to what pieces require “lofted” dinensions,
what pieces require stock, what pieces require
special attention in the lofting and manufacturing
stages, etc. The UPL will be used at the various
work stations.

It is envisioned that the UPL will be a baseline doc-
ument that can be used by other groups or departments
in Production for such functions as material
accounting, sorting, routing, storage, etc.



G aphs VA- 3A and VA- 3B depict a sheet fromthe UPL
for a partial sub-unit and a conbined partia
sub-unit for Unit 73 on the Exxon program

Seachest s

Until the adoption of zone outfitiing, t he seachests
were classed as a system and detailed on one draw ng,
totally divorced fromthe structural draw ngs. Now,
the various seachests are detailed with therr respec-
tive units in the yard plans. This concept has the
advanta?e of 1% placing all structural elenents of
the unit together, and 2) elimnating the need to

| ook for a reference document.

Penetrati ons

Penetrations in structural components, due to piping,
ventilation, mechanical and electrical routings are
presented in the yard Plans when those penetrations
fall into either one of two categories: penetrations
requiring structural reinforcenment, and those that
can be cut by nunerical burning.

Until the advent of zone outfitting, only the pene-
trations that required structural reinforcenent were
shown.  Zone outfitting technol ogy has provided for
earlier identification of systemroutings, with the
attendi ng benefit of being able to include those
penetrations into the yard plans.

Process Lanes |nteqration

As mentioned earlier, under the discussion of the
Unit Parts Lists, the concept of process |anes has
been incorporated into the yard plan. The notations
for the various structural conponents, designating
themas sub-units, partial sub-units, combined

artial sub-units, or just individual pieces to be

eft |oose until assenbly or erection, are a function
of the area or location of their manufacture.

This designated manufacturing location is one of the
basi ¢ concepts of the process |ane principle. The
yard plan notations are gotten fromthe Unit Break-
down Summary Sheet prepared by the Production Plan-
ning Departnent. By know ng the neanln% of the
Process | ane codi ng notations, one can determne the

ocation of manufacture of a particular structura
conponent. Graphs No. VA-3A and No. va-3B show sone
of these notations.
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Foundation Supporting Structure

Pieces of structure required to support |ocal founda-
tions are included in the yard plans for a particular
unit requiring them Thesé pieces of structure range
in size fromsinple headers to full depth, built-up
girders. The piece marking of these structural com
ponents is treated the same as for ordinary struc-
tural conponents. Individual piece marking is numer-
ical, sequential, per unit. Letters are not used.

2) System Draw ngs

a)

Above Deck Foundati ons

Foundations that are above deck are detailed on the
applicable system drawing, such as the moring system
or anchor handling system These foundations can be
manufactured at a separate selected site and be kept
fromthe various unit manufacturing work centers.
These foundations can be placed on the unit during
the assenbly stage. Wen this is the case, these
structural menbers are pallet-coded to be brought to
the assembly area for installation. They are Diece-
marked sequentially, nunerically, per system draw ng.

Foundati on Supporting Structure

As nentioned previously (under Article (B) ﬂl)(%)),

t he underdeck supportlnﬂ structure for SKS em tounda-
tions are detailed on the yard plans. They are only
referenced on the system draw ng.

C) DRAWNG FORVAT

1) Structural Drawings - Units - Yard Plans

a)

The format used previous to the introduction of zone
outfitting technology was. the conventional rolled

type drawing. Thes€ drawings ranged in [ength from
ten (10) to twenty (20) feet, depending on subject

matter.  In sone cases, nore than one rolled draw ng
was required to present all the necessary details to
manufacture a structural system such as web frames.

Wth the introduction of zone outfitting, the basic
format of the structural plans was changed to the
bookl et type. onIY one unit is detailed in any given
bookl et. ~ The booklet’s presentation is so arranged
that the various structural conmponents of the unit



2)

3)

are presented in their nmain order of conponent
assembly.  The first conponent of a unit to be
assenbled is placed first in the booklet. Gaphs
?)/A-%S tthrough VA-19 depict a typical yard plan
ookl et .

Syst em Dr awi ngs

The format for the various system draw ngs devel oped by
the Hull Section is as follows:

a) Rudder Support: Arrangenent - Rolled
Detail's - Bookl et

b) Rudder: (classed as unit) Bookl et

c) Moring System Arrangenent - Rolled
Detail's - Bookl et

d) Anchor Handli ng: Rol | ed

M scel | aneous Dr awi ngs

The format for the various mscellaneous draw ngs
devel oped by the Hull Section is as follows:

a) Mld Line Plan: Bookl et
b) Docking PIan: Rol | ed
c) NDT: Bookl| et
d) Rudder Horn: Rol | ed
e) Stern Frane; . Rol | ed
f) Hawse & Chain Pipe: Rolled

It should be noted here that all of the above listed

m scel | aneous drawi ngs were devel oped by the Hull
Section previous to the introduction of zone outfitting,
except one - the Mld Line Plan.

The Mold Line Plan is a direct result of an IH concept
presented to ASI, whereby the nold lines of all of the
primary structural conponents of the hull and super-
structUre are set forth in one docunent. The establish-
ment of the mold lines is one of the first activities
performed by the Hull Section after “Go” date. This
Information is forwarded to all Engineering Sections,
Qartlcularly the Conposite G oups and the Mld Loft.

his vital information preceeds the issuance of the yard
plans. Previously, this information was dissemnated in
sketch form rather |nfornaHN6 Now, it is a formally
organi zed docunent. Gaph No. VA-12 is a sanple sheet
froma MIld Line Plan.

-1o-



Finally, with regard to drawing format, it nust be said
that some subject matter, such as the Docking Plan, does
not lend itself easily to booklet type presentation.
Wiere this situation exists, the subject matter should
be presented in a rolled drawing format.

D) MATERI AL _ORDERI NG

1) Structural Steel
a) Steel Bills of Miterial

The one major effect that zone outfitting technol ogy
had on the ordering of structural steel was to change
the material grouping on the steel bhills froma
system by-system concept to a unit-by-unit grouping.
Each unit has its own applicable steel bills. aph
No. VA-11 is a sanple sheet of a steel take-off sheet
on the Exxon program

-11-
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Standard Abbreviations

Several abbreviations have been established for words as they
relate to ASI's Standard Structural Details booklet. It is

important to remember that these abbreviztions are used in

VA-8

codings and element descriptions in the Structural Standards
book and must not be substituted with any other abbreviations
in the detail sheets. The structural standards abbreviations

are listed below.

Letter

Lower Case Meaning

Non

Water

Width

Large Cut

Length

Tight

Reinforced Clip

Combination

Bracket N

Tees .

Angle

Flat Bar

w Weld Fillet Size

Channel

Wide Flange Beam

)
5nlmg w»awowﬂ%ﬁr‘zzz }v

Deflanged Wide Flange Membe:

-

PEE R T 7 VRSP SIWLLINE Mgt L var et vy JUPCTRLIPE B
N

8} A18(3]=

Ry S

Height
Thickness
Hole _
Chock
Clip
Plate
Cut Out
Collar

YRR IR A s s

‘Abbreviations for words other than those that relate to the Structural Stan-

dards book may be obtafimed From ANSI standarids.

-32~
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10. Symbolic Lopic

N .Geome:ric designs, 1e:t:ers and unumerais separately, o} in com—-
.'.‘binacion, may be established as symbols possessing pre-determined

: qe;.ning. 6nce a pre—determined meanmg is assigned to a sy-mhol,
rih;n the "logic™ of-the symbol is es:ablished thus the temm cl)

':"Symbolic Logic". The belov list:ed standazd sy'mbolic logic is . '

to be used in Hull Engineering Drawing booklets. >
———— Continucm; ‘rhm : @
_ : ‘Member Extenc .
‘Alteration . &?Item 2 of
‘ y .- Alt. 3 .

Piece of Stri:c:'uz.'a'

Butt Weld .To:.nt Designat:lon ‘ ‘Dd

JAY
2 7 Butt Edge-One Place to Another ‘ bd
—$— |

Bend or Knuckle Line

Kauckled Seam : ) - f
E.J. : Ere';:tion Joi:n: . . I £

W.P. Work Point ' W.R
G. .. Genéral Note G.K. #3
L2% Member Location . Long. #21
Short " Place member at tail of arrow
Tail . to member at head of arrow in
Arrow "fabrication” stage.
_Long Tail Same as above, except in
’/ Arrow "Assembly” stage.
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- WUORK CENTER = PLATEMN 324

FABRICATE (6) 8KXTS. DET. .'IHEN SENO THEM TO PLATEN »22 Su8
ASSEMBLY STAGE. :

Sus UNIT #¥105-001

WORK CENTER = PLATEN #20 — SUB ASSEMBLY STAGE

SUE ASSEMBLE ThE CORRUGATED BriDe PLATE Fke. 89 wITn FWD. SIDE UP
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{(PeSeUe #105-001-U0C1) AND F.B8. HEADERS. wHEN COMPLETE MOVE TG

PRE-OUTFIT STAGE ON PLATEN #20 1iF REQ*D.

UNIT »1C5
WURK CEMNMTER = PLATEN 2 - PRE-QCUTFIT STAGE

S
PRE-GUTFIT IF REQ'D ThEN MUVE 2T TU PLATEN 320 FINAL ASSEMBLY STAGE

8

UNIT #2105

HWGRK CENTER — PLATEN #22 = FINAL ASSEMBLY STAGE
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DESIGN ENGINEERING FOR ZONE OUTFITTING
AVONDALE SHIPYARDS, INC.

MECHANICAL DESIGN SECTION
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DESI GN ENG NEERI NG FOR ZONE OUTFI TTI NG
MECHANI CAL DESI GN_SECTI ON

| NTRODUCTI ON

The Mechani cal Engineering activities at AS | are divided into
two (2) principal groupings, one being the Mechanical Design
Goup which is responsible for the preparation of piping dia-
grams and procurenent of most mechani cal equipment, and the
ot her being the Mechanical Mchinery Goup which prepares
detailed fabrication drawings for machinery such as shafting
sys%ens, I ndependent tanks, reach rods, and exhaust piping
syst ens.

MECHANI CAL DESI GN GROUP

From a V|emggint of unit and zone outfitting methods, the
Mechani cal sign Goup has been relatively unaffected due to
the requirements of our revised shipbuilding technology. Those
Itens which have been incorporated in this area are a nore
condensed schedul e which designates virtually every diagram and
material list as a key plan and, therefore, Trequires their com
pletion prior to the end of the ka%_plan stage and our fornat
of presentation for all diagrans which enploys the vesse
arrangenent as the background and |ocates the diagrammatic as
close to intended routing as possible.

It is virtually a necessity in the preparation of unit-type

pi ping arrangenent drawings to get this added guidance from the
system designer on the diagram It has been additionally dis-
cussed that the piping diagrans shoul d denote unit boundaries
and clearly indicate within which unit equipment or valves
shoul d be located. This added scope of refinement has been
rejected to date, and | would expect will continue to be absent
on diagrammatic for two principle reasons. Firstly, this
added ocatln% information, done during the initial design
stage, would be too restrictive to the piping designer and
woul'd create additional effort to keep the diagramup to date
with the actual arrangenent. Secondly, as | alluded to during
my comments on key plans this norning, this added work, which
is really foreign to a npchanlcal_systenwdeslﬁn engi neer, would
sl ow the Prpces$ of issuing the diagranms which are essential at
that point in time for piping arrangenment and and material pro-
curenment activities.



Al though not totally germaine to our inplementation of unit and
zone outfittinG concePts, we have over the Past several years
significantly increased the listing of information and data on
our piping systemdiagrams and find that the high level of com
pl et eness of these design docunents is essential to effective
devel opment by the piping designers.

VECHANI CAL MACHI NERY GROUP

The Mechani cal Machinery Goup bears several identities in the
|nPIenentat|on of unit and zone outfitting conepts. In their
role of a design section for such tasks as |p|n? stress anal y-
sis and shafting arrangement caclul ations, they tunction nuch
the same as the Mechanical Design Goup. In the role of devel-
opi ng wor ki ng dramAngs for major pieces of naphlnln? whi ch ASI
fabrrcates in specialized and dedicated | ocations, the fornmat
and presentation of their ¥ard plans are nuch the same as in
the past, except that the final fabricated assenbly receives an
identifying pallet code. Exanples of these itens are: propul -
sion shafting, propellers, line shaft bearings, and other major
equi pment whi ch i ndi vi dual I'y apﬂear as events on production
pl'anning schedules. In the Machinery Machinery Goup's role of
devel oping yard plans for exhaust piping systems, tank |evel

I ndi cating systens, independent tanks, reach rods, cargo punp
foundations and guides, etc., they have incorporated arl
aspects of the unit and zone outfitting concepts. As the bulk
of these drawi ng requirenments are a combination of piping and
outfitting crafts, these techniques will be nore adequately
explained in the follow ng presentation. The underlying con-
cept during the detailing of the yard plans is to |ocate as
much equi pment on unit as possible, and itens with which this
I's now being acconmplished include the follow ng:

reach rod bearing brackets;

shaft handling lifting eyes;

shaft brake foundation

tank | evel indicator stools and nmounting pads;
deepwel | cargo punp gui de vanes;

bow thruster shaft bearing stools;

exhaust piping for main engine, diesel generator engines,
boiler , 1ncinerator.



DESI GN ENG NEERING FOR ZONE QUTFI TTI NG
AVONDALE SHI PYARDS, | NC.

Pl PI NG AND HVAC SECTI ON




DESI GN ENG NEERI NG FOR ZONE QUTFI TTI NG
Pl PI NG AND HVAC SECTI ON

| NTRODUCTI ON

The advent of zone outfitting technol ogy has had many far-
-reaching effects on the operations of the Piping and HVAC
Section. = This is due to the fact that perhaps no other

Engi neering Section was as "systems oriented" as was Piping and
HVAC prior to zone outfitting. As is obvious to Kou by now,
zone outfitting abolishes for nost applications the systens
orientation of traditional shipbuilding techniques and replaces
it wth a zone or unit oriented approach.

Drawi ng preparation has been conplicated in that there are nore
drawi ngs to be produced and they are nmore conplex than were
systens drawings. Cone are the days when designers could
specialize in a handful of systems that they could work from
job to job. Now a designer nust be know edgeabl e about many
systens, because all P|p|ng_systens within a given unit nust be
worked as the particular unit drawing is being prepared.

Gone also are the days when designers had only to know the
basi cs about production techniques that were to be used. Now a
designer nust becone intimately famliar with the particul ar
method of fabrication to be used on each unit he is to work.
The docunment used to instruct |hgineering as to Production’s
fabrication methods is the "Unit Breakdown Sunmmary Sheet and
Construction Procedure." This document provides 'Engineering
with step-qyistep detail s about each unit’s construction
sequence. This, then, allows Engineering to properly code each
pi ece of equipnent - pipe, fittings, etc. - so that it arrives
at the correct job site when required by Production

The need for Engineering famliarity with Production techniques
has led to a much closer bond between the two departnents.
Meetings are held on a regular basis, during which ideas can be
exchanged and draw ngs can be reviewed well in advance of plan-
ned construction starts. It is estimated that many Production
manhours will be saved as a result of these meetings.

The inpact of revision activity has been greatly increased. due
to the increased number of drawings. A change in a pipe size
on a particular diagram could have an effect on nunerous unit
drawings and their PPID's, L/Ms, and HL's; whereas, in the
ast, only the system drawing affected by the diagram woul d
ave been altered. Therefore, it is critical thaf design
changes be kept to an absolute m ni mum



My discussion this afternoon will focus on the preparation of

pl ping drawi ngs to accommodate zone outfitting. Mich of what
Is sard of these drawings is applicable also to HVAC and
Mechani cal Machinery draw ng Freparatlpnz as previously alluded
to. Piping devel opnment effort is subdivided into the follow ng
areas for a typical tanker:

- Machinery Conposite
Machi nery Space, Tank Heating Coils and Innerbottom
Qut si de Machinery Space and Miin Deck Racks
- Machi nery Package Units
- Quarters
W will look at the first four areas with the know edge that
the same techniques apply to quarters piping devel opnent. we
will also |ook at the way in which the preparation of Piping

Details (P/D's) and Lists of Material (L/Ms) have been
affected by zone outfitting technol ogy.

MACH NERY COVPOSI TE

For over twenty years, Avondale's Mchinery Conposite G oup has
provided the prinmary design for nmachinery space and main deck
arrangenents.  These conposites are not nerely interference
checks, but are used to provide the arrangement groups wth
conpletely routed sy”stems for working draw ng devel opnent.

Basically, the procedure for machinery conposite devel opnent
has remained the sane with zone outfitting. The conposites are
done at 1/2" to 1" scale, depending on area, and are divided
into the required plan and section views to clearly represent
the area depicted. The conposites show all systens"within ‘the
machi nery space including piping, HV/AC and wireways, as well as
outfitting 1tems such as |adders, gratings, and so on. PHS
PH | A through PHIC are various views of a machinery space com
posite now being devel oped. The major difference between com
Pos;tes now and before zone outfitting is the manner of presen-
ation to the arrangenent group. Befdore, an entire system was
routed on conposite and then forwarded to the arrangenent group
for devel opment into working drawings. Nw, the conposite
?roup routes all the systems within a particular unit and then
orwards that unit to the arrangenent group.

Since nmachinery spaces are devel oped fromthe | ower |evels on
Uﬁ, the obvious problemw th zone outfitting is to be certain
that all systems in a given unit have been routed piror to



i ssue to the arrangenent %roup. Avondal e’s answer to this
problemis what we call the Advanced Design Conposite Study or
ADCS. The ADCS is a 1/2" scale, single ITne routing of a
systems in the machinery space, main deck, or other congested
area of the vessel. It should take approxinately six weeks for
the "prelimnary" ADCS to be devel oped for a vessel like the
Exxon nulti-product carriers Avondale is currently building,
and approximtely three nonths for the final ADCS to be devel -
oped. This, of course, assunmes that vendor information and
contract drawings are ready at the start of ADCS devel opnent.
It also assunes that top notch designers are available to han-
dl e the assignnment. PHS PHID and PH 1E are two views of
the ADCS which was done on the above-mentioned Exxon carriers.

Anot her difference between the traditional and the new conpo-
sites is that _now the unit breaks are clearly shown on the
conposites. This is to ensure that machinery is not |ocated on
the break lines and to ensure that allowance is made for
flangjng make-up pipe pieces to bridge unit breaks after
erection.

MACHI NERY SPACE, TANK HEATING CO LS AND | NNERBOTTQM

It is a long standing procedure at Avondale to prepare arrange-
nment drawi ngs from reduced photographic copies of nachinery
conposites.  This procedure is being maintained for the draw ng
being prepared for zone outfitting. The task is, however, nore
difficult than in the past. Wth systens drawi ngs, the systens
not being devel oped could be subdued and the subject system
hi ghlighted. However, with zone outfitting, all the systems in
a given unit nust be highlighted. In especially congested
areas, such as the nachlnerylspace | oner level, this task is

al nost inpossible to acconplish. What nust be done in these
situations is to present a nunber of views of the same area
mqth_each view depicting a certain number of systens for
clarity.

GRAPH PH-2 provides some notion of the difficulty of depicting
all the necessary data such as penetration codes, piping detail
nunbers, dinensions, and so on. This is not, of course, a
probl em uni que to Avondale, but it is conpounded by having to
depict all systenms within a given area. GRAPHS PH 3 and PH 4
are two section views of the nmachinery space area. Note how
the various systems involved are called out on each draw ng and
how the Iines of demarcation for each unit are shown. Note on
GRAPH NO. PH4 how the nachinery package units for the Inert
Gas Scrubber Punp, the E.R Bilge and Ballast Punp, and the
Main and Harbor S.W Punp are shown in dotted Iine. These and
ot her package units are detailed on individual package unit
drawings as will be discussed a bhit [ater



G APH PH5 is another view of the machinery space area. Note
here that certain piping details are called out as adjusting
pi eces.

gRAPH PH-6 is a tank heating coil assenbly. The Piping Section
I's called on to design not only the heating coil itself but

al so the structure used to support it. Thrs blending of

Engi neering disciplines is really a hallmrk of the zone out-
fitting phrlosophy which enphasizes concentrating as nuch
design effort in a given %ro%P or section as is technically
possible. GRAPH PH /7 is the detail of the pipe rack structure.

QUTS | DE_MACH NERY SPACE AND MAIN DECK RACKS

The outside machinery space drawings are prepared simlarly to
t he machinery space dram4nﬁs, with the nmajor difference being
that they are prepared w thout benefit of design conposites.
The arrangenent group nmust exam ne piping diagrams and devel op
the ADCS from which the arrangement drawmng is then taken.

The main deck rack dramﬁn?s for the present Exxon contract are
quite different. Conposites simlar to those prepared for the
machi nery space area were done for the main deck, which was
then divided into three zones with six to eight racks in each
zone.  Each rack contains sections of pipe together with the
necessary supporting structure, wal kways, and gratings. It is
quite an inprovenent to assenble the rack conp etel¥ outfitted
and lift it in one piece aboard ship as opposed to the tradi-
tional procedure of assenbling pipe structure on the ship and
then adding the pipe, piece by piece. As with the tank heating
coil draw ngs discussed a few mnutes ago, the Piping Section
I's responsible for developing the rack structure, as well as
the pipe routing and detailing. The Qutfitting Section pro-
vides the | adder and grating draw ngs for the racks.

-PHS PH 8, PH9, PH 10, PH 11, and PH 12 are plan views of
mai n_deck conposite sheets. The views are between frames 84
and 81 and are cut at five different levels for clarity.

CRAPH PH 13 is a section view of main deck conposite sheets.

GRAPH PH 14 is the title sheet froma main deck rack working
draw ng.

GRAPH PH 15 is the rack structure. Note the structural detai
code numbers such as "SD-66S-1. " These details are depicted in
a separate structural detail booklet. GRAPH PH16 is the title
sheet for a Lgplcal structural detail booklet. GRAPHS PH 17,
PH 18, and PH 19 are typical structural detail booklet sheets.



GRAPHS PH 20 and PH 21 are the piping arrangenent for the main
deck rack booklet that we are |ooking at.

On our Exxon contract, we have used nodel engineering rather
extensively to depict the main deck rack devel opment.” GRAPHS
PH 22 through PH 30 are photos of the main deck rack nodel at
Avondal e’ s Mbdel Shop. he nodel is conposed of the assenbled
racks and can be broken down to duplicate the planned construc-
tion technique. Aside fron1a35|st|nP Avondal e Engi neering, the
model has aIreadY proven to be a real benefit for Production
owners, and regul atory bodi es.

MACHI NERY PACKAGE UNITS

GRAPH PH31 is a list of the machinery package units which
Avondal e is designing and constructing for the Exxon contract.

Al though Avondal e has built packa%s units in the past, this
current effort is the nost conﬁre ensive to date and certainly
the most successful. One of the major factors in the success
of the package unit program has been the construction of the
Machi nery Package Unit Assenbly Shop, a large shop with over-
head cranes, a clean environment in which to work and so on.
The rapport that has been established between the shop forenan
and Engl neering personnel is excellent. A good many nore

engi neering nanhours beyond our original projection have been
expended on package unit devel opment; however, initial reports
fromthe shop indicated that a production manhour savings in
tPF nei ghbor hood of 15% may be hoped for. Not bad for a first-
effort.

There are two basic types of package units. First, there is
the Custom Built type which is designed to suit certain condi-
tions of the vessel being designed. These package units wll
differ from design to design and are usually found in congested
areas such _as the lower level of the machinery space. The
Bil ge and Ballast Punp Package Unit is a good exanple of this
type of package unit. The other type of package unit is the
standardi zed type such as the Fuel Q| Punp Package Unit.
These package units are suitable for reuse on other jobs and
are usually found in less congested areas such as the upper

l evel s of a nachlnerg space. O course, the ultimte goa
shoulglalmays be to design package units such that they are
reusabl e.

Li ke the main deck racks, the package unit draw ngs are self-
contained and are produced conpletely b% the Piping Section
Even ladders and gratings are done by the Piping Section

GRAPH PH32 is the title sheet fromthe Bilge and Bal | ast Punp
Package Unit.
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GRAPH PH 33 is the Revisions and Ceneral Notes Sheet. Note the
conplexity and | evel of detail of the general notes.

GRAPH PH-34 is one of the Parts List sheets. There were four
like this on this particular package. GRAPH PH-35 is a genera
arrangenment of the subject package. Note the location key

| ocated in the lower left-hand corner. Also, note the gage
board information, lifting information, gratings and |adders.

QU$PHS PH-36 and PH 37 are structural views and details.

CRAPHS PH- 38 and PH 39 are piping arrangenment views for the
package unit.

CGRAPH PH- 40 contains information on | adders and gratings.

GRAPH PH 41 contains information on renote operators, gage
boards and control instrunmentation.

CRAPH PH- 42 provides the information necessary for |abel plate
instal | ation.

Al'so, like the main deck racks, the package unit draw ngs on

t he Exxon contract have been ﬁrepared with the assistance of
design nodels. These nodel s have been extrenmely useful during
t he deslﬁn phase in catching interferences and other problens
that mght otherw se have gone unnoticed. Their real value is
being realized now, as Production consults them during actua
Package unit construction. The nodels are in a |ocation close
0 the Package Unhit Assenbly Shop and are used constantly.

GRAPHS PH 43 and PH-44 are photos fromtwo views of the Fuel
Val ve Cooling Water Punps package unit.

Pl PING DETAILS

Each unit, naphinery_packa?e unit, and main deck rack contains
a B|p|ng detail drawng (P/D). The procedure for producing
P/D's under zone outfitting has not changed a great deal from
the traditional method with which these draw ngs were pre-
Pm ed. The mpjor difference really is the addition of the pal-
et code nunber (see GRAPH PH4S) and the attention that is
gald to Pipe Shop work station routing and coating Procedures.
he routing and coating information is the result of a)
adapting to Avondal e’'s new sem -automated Pipe Shop to accommo-
date zone outfitting technologY! and b) the need for nore
accurate conputer-alded scheduling required for zone outfit-
ting. A word should be nentioned here about the inportance of
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pal et coding. You can think of a pallet as a "bucket" which
contains all items required at a certain |location for
Production to do a certain work Package. This "bucket" is then
glven a name which we call a "pallet code." A required

elivery date of the "filled bucket" at the gob site can be
determ ned by Production Planning, and from this date all other
scheduling required for the itens in the "bucket" can be

det er m ned.

GRAPH PH 46 is the cover sheet froma main deck rack draw ng
P/D, and GRAPH PH-47 is a tﬁplcal sheet fromthat P/D. Note
the pallet code number in the upper right-hand corner.

GRAPH PH-48 is another typical sheet fromthe same P/D.  Again,
noag the pallet code number, and also note the coating code
number s.

GRAPHS PH- 49, PH 50, and PH51 are also fromthis P/D, but they
differ fromthe sheets we have just seen in that theK contain
Pi pe Shop routing information on the sane sheet as the P/D
spool, and these sheets have been prepared using CADAM which
IS an automated drafting system be|n% utilized at Avondale.
The Pipe Shop routing is determned by a designer famliar with
pipe fabrication who enters the information into a conputer
program cal led COPICS. Entered into this programis the shop
rout|n?, mat eri al I|st|n% and pallet codes. COPICS then can
autonatically schedule the work in the Pipe Shop in order that
fabricating schedules are met for installation of the piPinﬂ in
the units and to level load the work in the Pipe Shop at the
various work stations.

LI STS OF MATERI AL

Separate lists of material are prepared for each unit and nmain
deck rack. The procedure used now for ﬁenerat|ng the list of
material (L/M is alnost identical to the procedure used prior
to zone outfitting technology, with the exception that an L/ M
Is prepared for each unit or rack and the L/M nust contain the
pal et code for each item

GRAPH PH-52 is the title sheet for a main deck rack draw ng
L/'M and GRAPHS PH-53 and PH-54 are typical sheets from that
L/M  Note the pallet code for each item
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CONCLUSI ON

The Piping and HVAC Sections' entry into the real mof zone
outfitting technology has been a true "trial by fire." . Not
only did we and all of the other Engineering Sections have
more to do than ever before, but we had less time to do it

in. It was extremely difficult for us to estimate in terms of
manhours what we woul'd need in order to acconplish our
assigned tasks. There have been budget overruns; however, we
feel that the savings to be realized on the Production side
wi Il nmore than conpensate for our additional expenditures.
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THIS DRAWING CONTAINS MATERIAL WITH THE FOLLOWING PALLET CODES

PALLET |
CODE DESCRIPTION .
S DURING SUB ASSEMBLY ...............oooooioeiiiniin s ON UNIT
U BEFORE TURNING DURING MN ASSY ..............0......... ON UNIT
T AFTER TURNING — PRIOR TO PAINT ........................ ON UNIT
Vv AFTER PAINT — PRIOR TO ERECTION ........................ ON UNIT
J AFTER JOINING W/OTHER UNITS — PRIOR TO ERECTION..ON BLOCK
X BEFORE CLOSING IN ... ..\ oinioii. ON BOARD
Y EASY ACCESS OR ON OPEN DECK ........................ ON BOARD
. FINAL OUTFITTING, PILFERABLES, SPARE PARTS,
LOOSE ITEMS, ETC. . ...\ inieieiianennnnns, .....ON BOARD
1R MATERIAL TO BE ROUTED TO RACK ASSEMBLY AREA
1P MATERIAL TO BE ROUTED TO PACKAGE UNIT SHOP
1 MATERIAL TO BE ROUTED TO PIPE SHOP
MATERIAL TO BE ROUTED TO FRP PIPE FABRICATION AREA
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“CLASS I

PIPE SHOP ROUTING

11 XX

NDT
PICK AFT FAB

I
I
DESCRIPTION WORK STATION !
‘ PLANNED/NEXT |GALY AFT FAB XX T {
00061413 P -= = 3 {/a* CLI=5.6775 * (1 1/2*)
g fertitny 15
CLEAN EXTERNAL 2.1 2.2 g : 3172V e Tt %236, 2108
CLEAN INTERNAL 2.2 17.8 : W5 WET HT = 309.0818
| W9
. 8 TYP
b
00062208 P / e
STONE SAW - 3" 7.8 4.1 b & .
- :
00061413 Lo AR [w 8*R
SAW CUT 27"-14" 4.1 N i 5 90° 38?
t3elg y/2e e
L3 . W2
4" BENDER (CONRAC) TR 9.5 Y |- - <ﬁ§> .
00070113 V3o v 1vzee ~H— r1e*
00074608 '
00127604 i —»lw3/8"
00130213 o : 15 5/8¢ f—> - 70 g
cLI,CL2 : . - "
SUB ASSEMBLY 9.5 18.2 : : er o” - 8' 10
GALVANIZING 18.2 13.1 { 0061413 PIPE STL SMLS SCH 80 (XS) ASTM A53 GR B
PALLETIZING 13.1 14,1 b
0062208 PIPE STL_SHLS SCH 60 (XS) ASTH A106 GR A
STORAGE 14,1 | & B 1 172"
00070113 | ELgNGE SIL SLIP-ON 150 ASTM A105 ANSI B
00074608 2 FLANGE STL SOCKET HELD 150 ASTH A10S ANS R
| 1 Bl6.5 XS BORE FF | 1/2"
00127604 | COUPLET STL FORGED SW 3000 ASTH A105 VOG
00130213 | CAP STL BH Xi ASTH A234 ANSI BI6.9 4"
S AYON ALE SHIPYARDS, INC, . CI-
COST | p.0. Box 50} NEW ORLEANS, LA. 70150 333 :3,,f$.L?o,
TITLE: ™ HN.DK. RACK PIPING STBD SIDE DHN T.Y.N.
0603 70-73 PACKAGE UNIT REVISTON
HULL *B* ONLY i
SHEET 18




' 5 15/716*

[}

- 3' 5 |/4% —

S18 | yis
-CLASS 1 "
PIPE SHOP ROUTING O | P— ONLY‘%%E%&.-‘_#“;;
DESCRIPTION WORK STATION ; :Plc“ AFT F*“-E!--EAgg PRLLEY o —_TeztTE=D
‘ DL ANNED/NEXT ; (6ALY AFT FaB | LdYEs COATING é:gfgfff::
00061313 ‘ P 4"-CLI=135"
CLEAN EXTERNAL 24 2.2 ; : i .
CLEAN INTERNAL 2.2 3.1 i) -
PAINT EXTERNAL N 4.1 | | ' W6
SAN CUT 2%-14* A 5.2 : | 5/16"
PIPE END CLEANER 5.2 8.2 . .
S 5' 9 15/16" , ‘
cLi Lo L
00070113 P _ 16 124"
FLG WELD (SO) | 1/2"-18* 8.2 11,1 | <:>
4" BENDER (CONRAC) . 9.5 D er 6 174 ‘ 8 "R 19 7/8"
SUB ASSEMBLY 9.5  13.1 b 45 °
PALLETIZING 13.1 14,1 i : '
STORAGE TR 16,1 - ' .
PACKAGE UNIT ASSEMBLY 16,1 : ——L———————’&\¥
|
|
|
|
|
{
|
|
]
|
|

v

14 1/716"

W6 T

4 1716”

00061313 PIPE STL SMLS STD ASTM A 53 GR B A"
00070113 2 FLANGE STL SLIP-ON 150 ASTM A105 GR 1/1I
ANSI B16.5 RF 4"
COST AYONDALE SHIPYARDS, INC. 0 . ClI-
CODE | __P.0. BOX 023 NEW ORLEANS, LA. 70150 3ug :8. fl4:3°”

£3¢

TITLE: MN. DK. RACK PIPING STBD SIDE DHN TYN
D609 FR 70-73 PACKAGE UNIT  P/D REVISTON
HULL “B"ONLY I
SHEET 12

PH-50




IAR:]

PIPE SHOP ROUTING

DESCRIPTION

00061413

CLEAN EXTERNAL
CLEAN INTERNAL
SAW CUT 2"-14"

cLi

00070113

FLG WELD (SO) 1 i/2%-12"
4" BENDER (CONRAC)

SUB ASSEMBLY

GALVANIZING

PALLETIZING

STORAGE

NORK STATION

PLANNED/NEXT
2.l 2.2
e.e 4.1
4.1 8.2
8.2 1.
Pl 9.5
9.5 18.2
18.2 13.1
13.1 4.1
4.1

€1y
CLASS1 11 xx | PIPE SHOP USE ONLYl, o wo -4
TUT .D.NO.
NDT curs N0 REQD
PICK AFT FAB BEND PALLET N0 BA-RIE DN
GALV AFT FAB _xx |fibTes COATING §—55—773;
CLI=176.8337 * (4")
DRY WI = 245.2738
WET WT = 319.5439
lt— 4 3* =
zft}s —I= 2¢ 11—
‘ W6
3/a"
4 2 5/8"

" 8”R
6‘ 2 '/a 90.
&
5' 6 1/8*
, 3/8"
’ T W6
b006I413 PIPE STL SMLS SCH 80 (XS) ASTM A53 GR B

4"
PDO70II3 2 FLANSE STL SLIP-ON 150 ASTM AI05 ANSI 81

TosT ALE SHIPYARDS, INC. JoB NO. CI-
P.0. BoX BOSBO-C New ORLEANS, LA. 70150|pug NO.,bi,L?o,,
TITLE, ™ BN.DK.RACK PIPING STOD SIOE DHN T.Y.N.
0603 FR'70-73 PACKAGE UNIT REVISTON —
N HULL “B* ONLY |
SHEET _19

-

PH-51
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. 717752
(//rb LIST GF MATER1AL

QUANTITY (1) SHIP REQ.NO.
| | ] I
L. MK. | QTY | DESCRIPTION 1 UNIT!
| ] }PRICEL
b alT034 | 2 1  VALVE HOSE ANGLE BRZ FLG 150# MONEL ) i
| I STEM W/MOLDED COMPOSITION W/BRZ | i
N l D1SC HOLDER FURNISHED W/BRZ SLOTTED i °°|
I | CAP & CHAIN 1 1/2 9NH i 1D
| | APPLIES TO HULL 1 ONLY ¥%%xs | 1
i i PALLET CODE FOR THIS ITEM = 0603 901 1R i g
i | i B
| i 1 1
0o40225 | I  VALVE GATE STN STL TY 316 FLG 150 ) i t
I | STN STL TRIM UNION BONNET + 374 | i
| | 1
1 | SUB—ALLOCATION NO. ; i
i | GROIUP QTY/SHIP PALLET CODE VES HULL NO(S) | i
| | 1 2 0602 901 1 1 1 ONLY | !
l i 2 2 0611 901 1 1 1 oNLY | l
| | ' ] i
| | - | |
0056027 | £ | VALVE BALL STN STL 316 BODY SW END CONN i i
| l 316L W/TEFLON SEAT & SEAL i 1
i | FIRE SAFE MARPAC TR1-PAC SS—-B325-TT i i
! | P-NS2 - 1172 i !
1 | APFPLIES TO HULL 1 ONLY #%s%3 1 i
1 I PALLET CODE FOR THIS ITEM = 0602 901 1R i !
| | | |
| | | |
fooeaz2e | 21*] PIPE STL SMLS SCH &0 ASTM A 53 GR B | }
| | 16 1
| I APPLIES TO HULL 1 ONLY *3&%% i i
! | PALLET CODE-FOR THIS ITEM = 0602 901 1 1
| i i |
{ | | 1
)0u61311 | 38%] PIPE STL SMLS SCH 40 (STD) ASTM A 53 I |
| I 6R .8 . 3 1 |
| | APPLIES TO HULL 1 ONLY **s%% ) I 1
| i PALLET CODE FOR THIS ITEM = 0611 901 1 i I -
1 | | |
| | | i
| | | i
| | | i
| | | |
| | | ]
| i | I
| | i i
| 1 | i
| | | ]
| ] 1 H
e | AVORDALE SHIPYARDS,INC. JCUSTOMER EXXON INT CO
jP.D. DX 50280 NEW CRLEANS 2L A, 701501
TITLE [J0B NO. C1-0015 y
MN.DK. RACK PIPING STBD. SIDE |

i

FRe70-73 PACKAGE UNIT L/M

JoWG.NO 91 61B 016




L1ST OF MATERIAL . QUANTITY (1) SHIP REQ . N(

il

tfRT70-73 PACKAGE UNIT L/M

i |
&c. MK. | QTY | DESCRIPTION : UN]
| | L PRI
30061513 | | P1PE STL SMLS SCH 40 (STD) ASIM A 53 i
: = ‘GR B 4 1
I | SUB—ALLOCATION NO. :
I | GROUP OQTY/SHIP PALLET CODE VES HULL NO(S) |
1 ! 1 83 0602 1 1 1 ONLY |
! | 2 20 0611 | 1 1 ONLY |
{ | o
Puo1315 | | PIPE STL SMLS SCH 40 (STD) ASTM A 53 :
| I GR B 6 1
I | 1
| I SUB—ALLOCATION NC. i
i | GROUP QTY/SHIP PALLET CODE VES HULL NO(S) |
i i 1 7 0602 901 1 1 1 ONLY |
i i 2 90 0611 S01 1 1 1 ONLY {
T :
bcoo13516 | 40°] PIPE STL SMLS SCH 40 (STD) ASTM A 53 t
| I GR B 8 {
| I APPLIES TO HULL 1 ONLY ®sx¢» i
i } PALLET CODE FOR THIS ITEM = 0602 901 1 1
1 | 1
] I - i
§2061317 | 961 | PIPE STL SMLS SCH 40 (STD) ASTM A 53 1
] i GR B 10 1
I | APPLIES TO HULL 1 ONLY #*%xs% |
| PALLET CODE FOR THIS ITEM = 0609 901 1 1
i | - [
i ] i
pu0o614G09 | i PIPE STL SMLS SCH 80 (XS) ASTM AS3 GR i
| I B 2 !
{ i |
1 ! _ SUB—ALLOCATION NO. ) i
I { GRGUP QTY/SHIP PALLET CODE VES HWML NO(S) |
i i 1 20 0602 1 1 1 ONLY 1
| i 2 30 0611 1 1 1 ONLY |
i i ' |
i 1 t
! 1 |
| | |
| i i
| i |
| ] |
| I |
1 1 1
e ) " AVONDALE SHIPYARDSsINC. - ICUSTOMER EXXON INT
[P.0. BOX 50289 NEH DRLEANS 21 A.701501
i TITLE }JOB NO. C1-0015
: MN.DK. RACK PIPING STBD. SIDE i

jDWG.NO 91 61B 016




DESI GN ENG NEERI NG FOR ZONE QUTFI TTI NG
ACONDALE SHI PYARDS, | NC.

OQUTFI TTI NG _SECTI ON




DESI GN ENG _NEERI NG FOR ZONE OUTFI TTI NG
OQUTEI TTI NG SECTI ON

| NTRODUCTT ON

Avondal e Engineering’s response to zone outfittin? at Avondal e
has been %Fared toward production needs, especially in the
areas of Hull Structure, Piping/Machinery and Mterial Con-
trol. In order to support this effort and to keep ourselves
current with the changing work procedures, the Qutfitting

Engi neering Section has attenpted to respond to the needs that
we have seen created by the inplementation of zone outfitting
t echnol ogy.

W saw the need to respond in two nain areas:
To provide engineerin%_infornation in an early enough tine
franme to support the tinely devel opnent of work in all other
engi neering sections.

To respond to the Production Departnent needs created by
zone outfitting.

. OUTEI TTI NG RESPONSE TO ENG NEERI NG SECTI ONS' " NEEDS"

(SHON GRAPH NO. OF- 1)

Because any lack of Qutfitting Section responsible information
required by other enﬁlneerlng sections is a potential cause of
schedul e slippage, these items nust be addresif early on, even
in the pre-contract stage, if possible. Ition” new US
Coast Guard regulations require submttal of draw ngs such as
hazardous area. definitions, fire control informatjon aBd pul k-
head and deck classifications "up front," right at the begin-
ning of the contract.

As a result, this information must be scheduled for devel opment
as early as possible.

To support zone outfitting, the Qutfitting Section nust have an
early start to provide the follow ng information:

access informtion
conpartnentation defilenent

equi pment system definition



Originally, this "catalog" existed for only piping mater-
ials, but now AS | is proceeding with the devel opnent of such
a catalog for all raw materials and the CUtfltt|n? Section
I's handl rnG the catalog devel opment for all outfitting
materials. "W are al sO adding-the materjal catal og nunbers
to our drawings in anticipation of the inplenentation of
this conputer system

MATERI AL FABRI CATI ON

Anot her devel opnent which has been incorporated into the
drawings is the isolation of the fabrication information so
that only the information required to fabricate a given
sub-assenmbly is shown.

Once the raw material is fabricated into finished itens,
then the various raw material piece nunbers can no |onger be
used to track the material; therefore, a new identifier nust
be assigned. This new identifier is called a "Sub-Assenbly
yx " For exanple, VL = Vertical Ladder, IL = Inclined Lad-
er, etc.

After having gone alnost conpletely through the Exxon con-
tract and using the sub-assenbly numbers throughout, our
l'ist of sub-assenbly nunbers is still less than 100. What
this inplies is that the fabricated itens which the Qutfit-
ting Section supplies can be described or identified by |ess
t han 100 conponents.

Using the sub-assenbly nunbers as a heading, the Production
Department has the capability of "loading" into the conpu-
terized material control systemall the raw material
required to fabricate a given sub-assembly. Qutfitting has
added this concept of sub-assembly nunbers to all draw ngs
for the Exxon contract in anticipation of the conputer
system i npl enentation

W are now in the process of converting some of the nore
commonly used "sub-assembly" conponentS into yard standards
which wll elimnate the need to draw the same
sub-assenblies over and over again.

W have broken down the material lists so that the nmaterial
for each sub-assenbly is separate from the next sub-assenbly
to facilitate easy entry into a conputer data base.

Painting information is shown for each sub-assenmbly in the
same area as the details for the fabrication.



The concept of a "sub-assenbly" as a pre-fabricated outfit-
ting conponent becomes inportant at this stage.

Previously, we mentioned that the Qutfitting Section had
endeavored to isolate fabrication information from instal-
lation information. The reason for this will become obvious
when we consider that if a given sub-assenbly comes to the
installation site in a finished or pre-fabricated state,

then the Berson_d0|ng the installation has no need for any
of the fabrication information. He only needs to know where
it goes and how it is installed

Sometinmes if the sub-assenbly is a sinple one, the two types
of information may be conbined, but only when the draw ng
does not become too conplicated.

Oten tines the designer may build into the sub-assenbly
sone feature such as a slip joint to make the job of instal-
lation easier. He may ask for locating "shop marks" as part
of the fabrication Process. These special features are then
noted on the installation part of the draw ng.

The two-digit sub-assembly numbering systemis also a help
to the installers in that over a period of time they wll
devel op a sort of jargon which will convey nmuch nore infor-
mati on than previously. For example: "Get me one VL-10 and
a PT-6 right away, tells the man imediately that the sub-
jects of the conversation are a 10'-0"vertical |adder and
type 6 platform If he had said, "Get me one Detail 6-A and
a Detail 16B-1," there would have been no communication.

The Qutfitting Section is devel oping arrangenent draw ngs
which show the installation of the sub-assenblies using the
sub-assenbly nunbers only. The [ocation dinensions on these
drawings are to the nearest structure or to a datumline so
as to rnsure that the installer has a "real" place to neas-
ure from because often times the unit is not assenbled into
the hull form and the conventional datum lines may not be on
the unit at all.

Wth nuch nore material being added to the units before they
are assenbled one to another, the weight of the added out-
fitting _material becomes an inportant factor in unit hand-
ling. The weight is also a good indication of the percent
conpl ete of the ship. For exanple, if we know that there
are 100 tons of outfitting material assigned to a given unit
or package and onIX 75 tons have been installed, then we say
that the job is 75% conplete.



2) The affected areas of the ship have been adde
title block so that anyone reading the title

d
Wi
what areas are covered by the draw ng.

| NDEX SHEET ( SHOW GRAPH NO. OF-5)

The arran%enent of the sheets within the drawing has been
made so that all of the fabrication information for a given
sub-assenbly may be renoved from the drawing and will stand
alone (inclined |adder, fab details and vertical |adder fab
details ), and all of the information required to install the
sub-assembly can |ikew se be renoved and will stand al one.

Also, note that the fabrication information for one

sub-assenmbly is separate from the fabrication information
for the next sub-assenbly.

The order of presentation is as follows: First cones parts

list (purchasing data), then key plans, fabrication informa-

tion, and final Y installation data. This order was chosen
y

bec%gfe it closely follows the actual sequence of operations
at .

GENERAL NOTES ( SHOW GRAPH NO.  OF- 6)

In addition to the usual General Notes, there has been added
an explanation of the various sub-assenbly nunbers used in
the drawing to insure that they are understood.

Also added to the General Notes is an explanation of how the
sub-assenbly information is shown in the key plans. This
system of conveying information has been devel oped because
It is asinple way to informthe reader exactly where to go
to find out how to fabricate or how to install the given
sub- assenbl y.

TOTAL PARTS LIST (MATERIAL LIST) (SHOW GRAPH NO. OF-7)

This sheet serves as a purchasing docunent for the total
amount of raw material required to fabricate everything on
the drawing. The additions made to this sheet aré the two
colums marked "unit weight" and "ASI Std. Part No.”""

The unit mei?ht colum allows the weight group to calculate
the weight of the added outfitting material for a given unit
for purposes of unit lifting and handling. The ASI Std.
Part No. allows the Material Control Goup to enter the raw
material into a conputer data base where many different
kinds of operations may be performed on it.



H SUB- ASSEMBLY FABRI CATI ON DETAIL SHEETS (SHOW GRAPH NO. OF-11)

The details for the actual fabrication of a sub-assenbly are
given in pre-engineered detail sheets which are photographed
and inserted info the drawinG  Note the "A" and "B" dinen-
-sions which are supplied by the detail tabulation sheets.

It is these pre-engineered sheets which are prinme candidates
for a program of standardization

) LOCATI ON TABULATI ON SHEETS (SHOWN GRAPH NO. OF- 12)

Once we begin to talk about location information, then, our
interest swings from fabrication to installation

Is the location tabulation sheet which provides the
staller with the exact information he needs in order to
stall a given sub-assenbly. It is here where we find such
ens as datum lines for "real" location points and a colum
or special installation details which may be required.

I't
in
in
|t
f

It is on this sheet, also, that we find the pallet code or
"address" for each sub-assenbly.

Note that because the "address" may be different for each
sub-assenbly, though the sub-assenbly may be exactly like
ot hers and have the sane sub-assenbly number, it nust be
listed on its own line in the |ocation tabulation sheet.

J) INSTALLATION DETAIL SHEETS (SHOW GRAPH NO. OF- 13)

These sheets contain details which show special problenms
relating to the installation of the sub-assembly or else
show the orientation aboard the ship. They serve as a
visual aid to the installer and as an extension of the

| ocation tabulation sheet.

VI. EFEECT ON TIME FRAME, BUDGET AND PERSONNEL
A) TIME FRAME

The need for nore information "up front" has caused the Qut-
fitting Section nore work at the beginning of the contract,
sonetines even at the pre-contract stage of the {pb, t han
has been done previously. This nmeans that nore time and
Bersonnel have to be made available at a time when they may
e needed to finish up on another contract.



VI 1. _FUTURE DEVELOPMENTS (SHOWN GRAPH NO. OF- 14)

I ncreased use of conputer technol ogy, devel opment of yard stan-
dards, use of pre-engineered detail sheets and/or conputer
drafting, and valuable input from Production feedback, as wel
as inprovements nade by our own personnel in the section,
shoul d combine to reduce the increase in manhours considerably

in the future.

Ve look forward to the start of our next job and the opportun-
ity to show just how much we have |earned frominitial applica-
tions. We believe that we have made some trenendous progress,
but that there is still nore progress to cone as we further

refine the system

-11-



ENGINEERLKNG SECTION *NEEDS OR REQU!REMENTS -

o EARLY ACCESS INFORMATION

o EARLY COMPARTMENTATION DEFINITION -
o EQUIPMENT SYSTEM DEFINITION

s PAINT INEORMATION |

o IDENTIFICATION AND LOCATION OF JOENER SYSTEMS

o EARLY YENDOR IDENTIFICATION

o CLASSIFICATION OF DECXS & BULKHEADS
o INSULATION REQUIREMENTS

s HAZARDOUS AREA DEFINITIONS

s YEIGHT INFORMATION
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DESI GN ENG NEERI NG FOR ZONE QUTFI TTI NG
AVONDALE SHI PYARDS, | NC.
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1.

DESI GN ENG_NEERING FOR _ZONE OUTFI TTI NG
ELECTRI CAL SECTI ON

| NTRODUCTI ON

O the design engineering disciplines affected by zone outfit-
ting, Electrical Engineering nost certa|nlg qualifies as one of
the | east affected. = The impact on the el éctrical engineering

I mpl enentation of zone outfitting to a particular job is pri-
marily centered in changes to the design of the wreways and
drawing format changes In the list of materials for deck plans
and isonetric wiring diagranms.

Due to the nature of electrical installation, nost of the

equi pnent and cabling are installed durlnq the “on board” phase
of zone outfitting, ~For nost equipment, This is necessary to
insure that the electrical components are not subject to
adverse environnmental factors such as weather, sandblasting,
dust and paint spray, during the early stages of zone outfit-
ting. Additionally, the unwanted exposure of electrical equip-
ment to these elements could weaken the shlpyardjs_p03|t|on In
claims negotiations with vendors concerning liability for sub-
sequent warranty deficiencies. Electrical  equipment” installed
“on unit” tends to be concentrated on vendor applied nodul e
packages and shipyard-built nachinery package units.

Long runs of cable through the ship are installed in the tradi-
tional manner of pulllnﬂ the cable from one endpoint to the
other. Connection of the cables can then be handl ed by a hook-
up crew at a later date. An alternate nethod of installing
some of the multiconductor runs would be to prewire each unit
to its own central kunctlon box and then connect these junction
boxes via junper cables once the units are joined together. At
present, this nethod is not used at ASl due ‘to our determ na-
tion that the resultant large increase in connection tine,
checkout time, and increased electrical system conmplexity woul d
not represent a real savings in the cost of the final product
to the shipyard. The production electrical foreman has the
option of Installing cables in a unit and coiling the ends of
the cables for future installation through adjacent units as
they are joined together. This technique is used on a case
basi s where some specific production goal can be achieved. The
di sadvantage of coiling cables is the disruption and inconven-
ience caused due to the obstruction of equipment and wal kways.

Local runs of cables in a unit are treated as field installa-
tions and are left to the discretion of the Production Depart -
nent. The production foreman can install these cables on unit
or on board as dictated by his work order.



11. WREWAY DESI GN

Wreway design is well suited to modul ar construction tech-

ni ques. The wireway hangers, being made of steel, can there-
fore be phased in with the orderly erection of a unit during
main assenbly prior to blast and paint. |In designing the wre-
ways for “on unit” installation, ASI has experienced an
increase in design time of approxinmately 50 percent due to the
increased |evel of detail required for 'nodular construction as
opposed to the manner in which wreways have historically been
designed. The increased effort also represents a shift in
material takeoff and hole |ocation efforts fromthe production
foreman to the wreway designer

In the past, wreway arrangement draw ngs contained the major-
ity of information necessary to construct the hangers. Typica
details of several different types of hangers were included in
an electrical installation nethods book for the ship. For each
hanger on the wireway draw ng, a hanger nmethod woul d be speci -
fied along with the nunber of tiers, width of the hanger, depth
from the overhead, and spacing to adjacent hangers. The lis
of material was sinply a summary of the total quantity of chan-
nel iron, angle iron, flat bars and banding straps. he pro-
duction foreman would use the drawing to deternmne the nunber
of hangers of each specific the required. Engineering also
rovided master lists on bul khead cable transits and nonwater-
ight collars. Fromthese lists, the production foreman
derived nmeasurenments to enable himto have the collars for the
entire ship fabricated at one time. H's layout crew would then
install the collars and hangers to the required spaC|n? shown
on the wireway drawings and lists in a concentrated effort to
install all hangers and collars for the ship at one tine.
Interference problems were resolved by discussion between the
production foreman and the wireway designer.

Using the zone outfitting concept, W reway arrangenent draw ngs
are segmented by unit nunmber to allow the production foreman to
| denti ¥ exactly which hangers are in each unit. (See Gaph
No. EL-1.) The list of nmaterial is no longer a summary of

total material. Instead, the [ist of material is broken down
bY units to show the nunmber of hangers of each type. Each type
of hanger is detailed. Under the traditional method, approxi-
mately four types of hangers would be identified for the whole
job. ~For zone outfitting, the nunber of hanger types can be in
the hundreds. (See Gaph No. EL-2.) Each slight variation of
one hanger from another generates a new hanger detail. The end
result of the additional detailing is to generate a unique
piece mark nunber for each hanger which can then be entered
Into a conputer program for tracking purposes by Production

Pl anning and Managenent. Utinmately, it would then be possible



to know how nan¥ hangers of each type are available in the yard
for all jobs. his would allow stock- piling of comonly uSed
hanger types and reduce disruption of the work flow on a given
LOb when requirenents for new hangers are generated after the
ulk of the hangers for the job have already been constructed.
It would be possible to screen all jobs to locate presently
unused hangers of the type needed for the new hanger
requirements.

The fabrication and installation of wireway non-watertight col-
lars is an area where zone outfitting has made a significant
contribution. Using the traditional nanner of collar fabrica-
tion, the production foreman obtained dinensions from hole
|ists and then had the collars constructed by a specialist in
his electrical department. Before installation of the collars
in the bul kheads, the holes would be burned out by his |ayout
crew utilizing dinensions provided by the hole list. In zone
outfitting, however, the production field crews work effort is
reduced considerably. Collars are standardized to a |imted
number of comonly used sizes.

Early in the design of the vessel, dinensional information for
numerical hole cutting by automatic burning machines is pro-
vided to the Mld Loft. “This allows the holes for the wreways
to be accurately cut by the automatic burners during the erec-
tion of the unit in main assenb[%: _Effectively, the electrica
field production crews responsibility for non-watertight col-
lar fabrication and installation is reduced to sinply obtaining
the pre-cut non-watertight collars and installing these collars
in pre-cut holes. A logical extension of this work reduction
effort would be to renove the electrical work crew conpleteIY
from the process by having the collars installed by the stee
workers during erection of the unit.

Col lars for bul khead transits are still mde in the traditiona
manner due to the close tolerances required to fit the transit
to the collar. However, the holes for these collars are also
nunerically cut by the automatic burning machines. Watertight
collars represent a small percentage of the total number of
collars typically required for cable installations throughout a
ship. Therefore,” fabrication of collars for watertight tran-
sits is not resentIY seen bg ASI as a significant inconven-
ience, but it probably will be an area in the future where
further standardiztion will be investigated. Al.SO, the

i ncreasing usage of the Geaquello nethod filled collars for
matert|3ht penetrations further reduces the nunber of transits
required, Since these collars do not use transits, their
fabrication can be done in the sane manner as non-waterti ght
col lar fabrication. (See Gaph No. EL-3



The net result of the increase in engineering effort in wreway
de5|%n IS to reduce the complexity of the wireway installation
to the electrical production crew, thereby allowng the use of

| ess skilled workers doing [ ess manual |abor than the tradi-
tional method of wreway 1nstallation.

DRAW NG FORVAT CHANGES

To facilitate zone outfitting, the formats of electrical deck
plans and isometric wiring diagrans have been revised to
Include additional wunit construction information. Previously,

t hese dram4n%s depicted the electrical systemin the body of
the plan with alist of materials which [isted total quantities
for the material distributed throughout the draw ng. For zone
outfitting. However, these same draw ngs now have |eader. |ines
in the body of the Rkan whi ch segment the ship into the various
zones. (See Gaph No. EL-4. R so, the front of the draw ng
has a table above the title block which flags for cursory
drawi ng reviewers that the dramAn? contains material which nust
be installed in an% of twelve different stages of construction
such as, during subassenbly on unit, or before closing in on
board. As a further aid, the title block itself identifies the
3h|p zones affected by the electrical systemshown on the

raw ng.

The list of material for deck plans and isometric drawi ngs is
subdivided by the pallet codes associated with each unit or
zone. (See Gaph No. EL-5.) Under each pallet code is |isted
the electrical material contained on the drawing which wll be
installed in that particular unit or zone. An exception to
this technique of material listing is the listing of cable
quantities, Cables are summarized at the end of the list of
material with no reference to any particular unit or zone. The
reason for this apparent anonoly is related to the manner in
which cable is handled and installed in the shipyard. Cables
are purchased, stored, and transported to the worksite on

reels. asthe cable is being installed, the electrical crew
cuts the length required for the installation fromthe reel

The production foreman coordinates the overall cable installa-
tion to mnimze cable waste. Since cable is expensive and is
a long lead item for procurenent, cable footage must constantly
be nonitored. Therefore, to identify specific cable lengths in
each pallet would not contribute to a nore efficient, |ess
costly installation.

On sone isonetric wiring diagrans, such as the general alarm
system there exists a sizeable nunber of identical pieces of
electrical equipment distributed throughout many of the zones
on the ship. If the list of materials was divided based on the



different pallets, the resulting list would be excessively
long. To alleviate this problem a matrix arrangenent for

i dentical equipment in a list of material has been devised.
(See Graph No..EL-6w) Each equi pnment piece mark number is
l'isted for horizontal rows and pallet codes are |isted for the
vertical colums. A nunber placed in the field of the matrix
woul d indicate the quantity of a specific piece mark nunber for
a specific pallet. Present piece mark nunmbers used for elec-
trical equipnment at ASI renain identical to the numbering
systemused in the past. However, when the conputer program
associated with zone "outfitting develops to the point where a
particul ar nunbering system for electrical equipment can be
utilized, then that nunbering systemw || be used on future
ship construction projects.

Keepi ng the bOdK of the deck plan and isonetric wiring diagrans
substantially the sane as on previous jobs allows an easy tran-
sition of production workers into the new technique of zone
outfitting. A so, the draw ngs have not beconme so specialized
and fragmented that they would be unsuitable for system review
by representaives of the various cognizant regulatory bodies
and owners, who may be unfamliar wth zone outfitting.

PACKAGE UNITS

Machi nery package units constructed by the shipyard require
coordination during the design phase of a job to insure that

al | devices belonging on the package unit are installed during
assenbly of the package unit. Typical electrical devices which
are installed on the package unit are notors, nmotor control-

| ers, pushbutton stations, solenoids, sensors, and heat tracing
cabling. The locations of these devices are established by the
package unit designers with inputs supplied from the various
engi neering disciplines, including electrical

Particular attention is paid to electrical equipnent and
cabling which will be installed on tanks, that are a part of
the package unit, to insure that the proper provisions have
been made for foundations and cable studs. Since the tank wll
be fully constructed and tested before it |eaves the package
unit shop, any meld|n% to the tank exterior in the field would
result in damage to the tank interior coating and require the
tank being retested.

In some instances, the machinery package unit is designed
before certified drawings are received fromthe electrica
equi pment vendors. To nminimze the disruption to the package
unit design, the size of devices such as notor controllers and



pushbutton stations is estinated based on previous experience
with the particular equipment. Also, by u3|n? mot or control
centers, many of the vagaries of motor controller sizes are
elimnated as the controllers would then be part of a motor
control center renote from the package unit.

El ectrical heat tracing of piping systens, such as for fuel

oil, is often a requirement of the ship’s specification. On
jobs before zone outfitting, the electrical heat tracing vendor
was given piping working plans for entire systems wth mark-ups
for the specific pipes which required heat tracing. ~Fromthese
mar ked-up plans, the vendor devel oped his electrical working
drawi ngs for heat tracing material and cabling installation
Consequently, the vendor’s installation plans and materials
arrived late in the design of the vessel. To allow the

machi nery package units to |eave the package unit shop as
conplete as possible, it has been decided to provide the
package unit drawings “on an individual basis to the heat
tracing vendor as soon as these draw ngs becone avail able.

On the main deck of a tanker presently being designed at AS I,
there are a number of Elpe rack package units. As an integra
part of these pipe rack package units are a number of wire-
ways. In the past, wireways were provided for the main deck
based on capacity requirenments of the wireways at various
points along the main deck. This technique allowed w reway
SIZInﬁ to proceed in the early stages of the ship design wth-
out the know edge of exact |ocations of equi pnent on the main
deck. It was left to the production foreman to run local runs
of cables fromthe wireways to individual pieces of equipment
scattered around the nmain deck. Since the pipe rack package
units are essentially conplete when installed on the ship,
exact locations of main deck cabling nust be known much earlier
in the contract to allow the wreway devel opment to be conplete
on the pipe rack package units. This requires a significant
increase in the work effort of the wreway designer, since he
must now determ ne exact |ocations of electrical equipnment and
provide small branch wireways to this e U|§nent fromthe main
wireway runs. (See Graphs No. E.-7 and EL-8. )

In keeping with the zone outfitting concept, it is necessary

t hat vendor-furni shed package units be supplied as conplete as
possible.  Typical vendor-furnished package units would be such
machinery as purifiers, propul sion engines, engine-generator
sets, and reduction gears. For exanple, propulsion engines
have been supplied to the shipyard in the past w th nunerous
sensors not installed on the engine, even though they were
required by the ship’'s specification. Also, electrical devices
on the engine were not wired to a conmon connection point.

After installation of the engine on the ship, it then becane



the field production crews responsibility to mount the m ssing
sensors and to run cabling over the surface of the engine. To
obtain a conplete package unit, the vendor is now required by
his purchase order to furnish and install all of the electrica
devices on his equipnment and to wire these devices out to a
common poi nt, such as a connection box, where shipyard cabling
can terminate. During vendor plan approval, his désign is
checked to confirmthat ASI'S electrical production crew will
gave mniml work effort to connect to the engine electrica

evi ces.

ADDED ELECTRI CAL _ENG NEERI NG_RESPONSI Bl LI TI ES

O her Electrical Engineering Section responsibilities are gene-
rated due to the inplenentafion of zone outfitting. One o
these added responsibilities is the Electrical Engineering
Section's participation in the pre-engineering phase of the job
on an “as needed” basis. A typical exanple would be the gene-
ration of the one-line diagram by the shipyard s Mrketing
Departnment. Electrical Engineering drafts ‘the one line diagram
based on the conceptual ideas obtained from Marketing and pro-
vides coments to Marketing on the suitability of the design
based on previous experience with various regulations and Pro-
duction Departnent requirenents. The finished one-line diagram
then beconmes a contract docunent.

Anot her responsibility of the Electrical Engineering Section is
to provide meaningful” and tinely interface with other Engine-
ering groups during the devel opment of engineering designs.
Traditionally, the bulk of electrical engineering design is
started long after nost of the other Engineering groups have
conpl eted substantial portions of their designs. However, to
devel op accurate zone outfitting type designs, it is necessary
for the Electrical Engineering design cycle to shift forward in
tine to keep pace with other Engineering disciplines.

A further responsibility of the Electrical Engineering Section
IS to participate in construction glannlng meetings wth the
Production Planning group of the Production Departnent. In
these neetings, potential problems and cost savings ideas are
di scussed, and engineering designs for the job are reviewed.
As has often happened, the Production Departnent can request
modi fications to the designs to facilitate ease of installa-
tion. Eng|neer|ng Is expected to honor these requests, if at
all possible, even though it means, in many casesj that.

draw ngs nust be remade. Al so, Electrical Engineering is
expected to review Production Planning erection summaries for
possi bl e coment .



k]
fo——st700 o “‘ I T utje -l
i . S L.-Unb e
ll'l"ﬂl'v" % T ——.1 /
Nee
- Wil W OTAY

pRIAN W

KT o

I,. Tutes WAPT P2
.- NS | \) . —— <1 e
EXTVLETIIRNLY H
shmony / n‘f—‘_—.%‘:: l D4 u0e JANY AP

MU By

't i

o wntaa
= o
o«
Wik BN | i ,",—A_'." ) Syl NI
it §° N8P L) | O 3P0/ ou LIS
nnum 4 (] |
FLIICLS ug% 1y L ALl n APE 15" MNP LW My Ml
AR roribes o 1oL & Auup [ MR 1008 S0 48T
-2 A '.37;’..").},"“" [Lower /|4 ewsiimiTeas
VAT T A N I
L-“. t’« }- heito |
& |
4
; - O-L}
01T O pafls o NESS Svei N Rl A
lu"!'_a' uul;u ,'y;'l‘n.’v:n-lu-m-..ur M| i
e , 4 1
. w1eD w .-ual Joce g ' l
wiOf 44 6 4T 0OF Q o
Un A% UsTED) l 1.0 1, i
e e el 1% .‘ Lt + .-‘-o.- (TR S 'o' o-—lt -o—-o-—.-—-ﬁ"
{1 9 2 A uiTuA naty ST488 i
L Lot ® L] FuDR 1V 0P 16 CCIIAMwITN I
oo _.L_Mzh —_ [ I VP a0 Tuas
. T
e [ Tty 1T Sutn puanirtang TG L] emerad s vnees smoremaios paoru s ey e St o
e 03 v LGN ORTP E VP TIRBRY .uu..-\=$"v‘all.ll -4 L L=t k! L K 27 T Ty
3 - bl ata 1 L Imvmnwn\- Jusiasnin o oy S5
+ - r ]
i ¢ . | - . I 3 () (Y | .
lll' "*- l . e U
SR ¥ P Lol e
| -+ HEHR U [} -, 'y \ . l‘t:cwu N
S.TH A dalf I "y vy * [T g
I 11 0P I G (1A AVWITED) ﬁ)" w £ 1
/

T Pu &) 0P Berd TO p
[ Y ’
T Sl T .  sugin o' uans 1 nens @ me
/ | :»-?u"r'“ TS
/ﬂ mers werecs . _.: T......._....___.._-..___...._.
|

ETH O aces TTILES @'wite \ .
llu Toavwiv0) °DigP § WP T8
AT R Y '

o TID IR g HAcU'Y sonce
ta Graces 1148 0w thse ]
- PR e - i‘t%ﬁ'%w’i‘li{umuus T erd r\!\ M
PRALULIP PP T8 AT L. sl ko
«OTEI !un-f[nu 1esiwe | —
l” HA TR Ta DI 11808 Qb e |
' TAPTEATA, & bR TMDS (A
[ worute il ST
l‘M““;L — it uies
O I D I q ] e [ T I 0 I D I m I 0

¥

\




PCwe _DESCRIPTION | QTY |WATERIAU REMARKS
I}V = Yo'x ' CUMMNEL 18"LONG [ 225 [MiLD STU
2 ik x Yo" x'B" CHANNEL W°LonG | 34 | De )
3 |2'x%'xYe ANGLE 9727 1€ Do )
& | 3" %5,0"CRANNEL 72 |t Do ) .
5 | PANDING STRAP 1,019" |51\ <1ee
G | BANDING PUCKLE 259 | Do )
T W' '  CHANUEL 246G | 16 |MuD Tl
&
D |E454,E455 ]
10 _|6491,E4412-E431 THRU E4°43, EAELS]
g
i i —*t:Z t::l::
I 1 S e I S
4 =1 4
—— A8 4] 4
i3 ' ‘*j Qj ) ) S
24" 18° 8 18 18
e N A
8- REQ 2]'REQ IT- REQ 6-REQ 4- REQ
G-A -B o-C 6D GE
T T ! T —
; 4 i S N i S S 4 ——
r t— [
y - —— [ AP E—
3 b + . 3
2 ], E\J N X B _

i-REQ %- REQ 1- EEd - 3- REQ | REQ'

G-+ &G 7 7331 G-J
1 ) - I i T
I S N N N N N S N 6
p iy +] A
| 18 8 12" ,' 12" l' 8
1Y REQ 4-REQ 1L REQ 1t REQ 9-REQ
[RTA L AV L-N 6-P

SN2, |DNG N CLi5-(o-00-04 {LM>[U\~\\T N2 Jo3 !PALLET N2oa oo

EL-2"



s AHWS-C (10-78)

MEATHIM"* e /)
...., = g > < I”STD PIPE NIPFLE
WHEM vaNG TS METHOD e L W LoNG.
W OEcwk TH% ;g.;n}rm :55 DRILL £TAP ?;;
BLEATHING PI 0 .. ' I s et
OINTTED ¢DAMMING Q?gcsss S?ﬁ:\_‘gpﬁ/‘:fi_a. f _‘_sfx’io 'I:M;:AR
70 BE AT B0T TOM ONL i _'__J’ | — Vasy 12°
FlLL'NAGI COM?OUHD TD R’E _42_,15 a '5 ~ FOR BE-CK
EROM.TAE TOP OF cOLLA v |
. nD
NoTE: BEFORE POURING COLLAR WITH THE GEAQUELLO iy
FILLING COMPOUND, BOTH ENDSOF THE COLLAR 1S AL

T0 .BEDAMMED WITH SPONTEX SWELL MODULE. .

THE SPONTEX 19 TOBE FITTED AROUND CARLE
E19T0 BE SPRAYED WITH GEAQUELLO 1KPREGNATION
LIQuID S0 TRAT THE SPONTEX CAN ExPAND FOR
DAMMING FOR THE POURING PROCESS .

VIEW SROWING SIOHTER
BEFORE EXPANSION

METHOD OF PENE NG W.T.GAS TiGH

W SioWING SPOUTEX
RCLA 5 A-60"BHDS OR DECI 3 A;ngwﬁww

~ A U mum FORM THE DAM .
BHD
T AST DWO NO ™
REVISION Cl-1%5 60- OO Ol

NoTE I ONE PIPE 19 FDZ FILUIM ThEE OTHE ZFOR I

-

A

SHNO |O)

CEL -3

-

..




Sanan g 2

I

- 29

o

111894
¥ .

- pah
e'J.Z'.?.a‘:I.

—

L. SHIP JONE MY /
) =

ZA

14

"
L (S Wl )

— " s

il

// i .”
A AT-1) 4
"ﬂ‘i‘mrtm QI—’ J/7 4 1

= e
Yy
/=

m0 19157
A ditif
TR

[/
L, RIT!{ S /’, 8894 1A%
de,
o

DR 1, Trsiw
o y A &:, AT ’5"‘;"
St~ TR Jﬂi?r'”
A P FIE /. 4} /

’f:ﬁfuw 1A "

. JEERALC

M - Y PO R

ATIEY) / /
d{ ferh %) [y A e "&
o uy smisay L&
- AR /

VS [ tnd

B
fat— ‘

—- BT

R “"“"”Z P ﬁ . ,
o _Semus i dppvemas A — 51 2 04
S P I 5 1 3 I R I ) S}




(-

O

_—,

(]
" - p——

- 5 R .m -.S.-t.l’lﬂl'! l‘l.‘ .l.d.*c..‘,l —3 .4,.41 . — —_— -
— — TR A - I\-‘.r.,.%x.muﬂ.x ————
e |mea w ] o mm s
ft2i-)} S PX AXTURE-ALORC-EN-TR-HANAF 11D, /25, 54T WIRE DO.OWER TIEE nurmant £ © s Lapan-wens
R T:Ql.s:.u!.ﬁ.ﬂ.s nD. (34} 1 QOB LD LYl g KALAAK s 20
[ ) % ngsaﬂgu_d.__eg:a WA Y g™ IS AT WIRNG DIO. COPPER FREE ontl o PRLLUWN lrr om0
@ HST LOCOLGHT-QUNRTZ CI-S00%-PAR S5 1 W, BRES SF MTD,W/G FL OF SCOMLRITCORE. W] . 2 WARLTSOL F.29%0
- . *
S 2225 |00 BN- THOK WLLED.8 27 +10° .nwm.e_im ALPY, W/ NEOP. GASKET, urey 2 OOUSE-NNDS | GUEO-SAS0R
S 6223 [0 0K 4 WHE, BRASS, SURF MTD ur| 2 PR N4
-~ 2275 PEALOITING- 3 COPPER FREE ALFLIALE £ FEPALE, NORZ. & VEXT, | 42 KU 21 st T cmecom xumezes]
-B 62200 TN~ DPST,225 WG, 20A.0RF MTD, QU ARSE A, 3, W5 TARU-FEED. e 2 - oS
PAILET MO 08-D60-01Y
- CAND, CF IOV - A21- RS, SUF MTD, W/(4)>/4" MBS, GLOBE . GUAID 8 SKALLOW
52 R T R CoPPLk TREE ALrmas SaT FOR APt 40 MINRD e 7 L 55240
e b Z oK P PO (3-C00 T, QY MTD A0 g PG AT UMNAC EMC_ SOPPER FREE Co ot 1o
|G 34 “ s JOX FIXRIE" vt 11 W/SPECIAL EXTERIOR CORNDSION. PROTECTION |3/ (L PALLLMN FEP-260-YORN T
~ PERCURT WPOR (1 KOO0M- W34 G- > 4D VK. . w/<-250W- Z0Q/CL LT, SRS K-
@ S P e T LATIACE BAukT £ TS BASE, W K| RIS | e e
[ EB " KO - 4 WL B, U YR . iy 7 PR 578
—— Q2T [SEAFITING- 4 COPPER FIEL ALLR, PWLE & PENLE, IOR2 § YEXT e » KALLARK ES2T  KUSE WALT COSECTOR KILMIX 2163
: PALET MO 0B-D0-01Y
prem— P e rrrTome.. LUOR, (2-200-T121 SUNF FITD, W/ IPACT, ACRTLICCLEAR. PRSTATIC P T N —
[Lanect] s 7 PR TR OOFRUcE R SUrT TOR THAY FEED W/ 00 CABLE. Ml W SALS . ek
- FLUOR (2 40M- 12), SURF W10, W/t FWRCT, ACRTLIC CLEAR PRISPRTIC
= DRI e VOB, Tl P WDt ARE. o 2 | msouesae us20
== £2.%.08 BEATEIAHC.ANERC AW 24 2l U Mt © THIT Al SN SBaoc Lot . [ vy “rza
= Q2 RO OOME,2OWE, 208 2, 30, AGUE TIFE, Ser srTn Soneg Wt Prazmn %%
- 200 TI2) 5 mo, -SWRCT. X PRSMATK
B | e o i o i o/ e et e W et | ww
® MrS P RITURE MOAMD.(FI00U-A21-RSLSMF MTD AMGS L//LI0RE Cuen e i oomE 0. utl 1 I mestigzemny | jvomnc aces
[r=23] CHEZ DK FIYTURE - FLUOR.C2- GOU-Tr2- M0) SURF ITD. W /(2) Y, MBS AT WG ENO. CURREE M. £#| 11 PRU FER-260- WP T
<2) “rn el 7 LT m=s2m
p - FLUOR ¢ -A0W Tiz MO)SIRF HTD \WK2)-/4 "985 AT WIRWS EMD CPPER FREE
EaZ) | GarX DS FIITURE et w/SPECIAL EXTEROR ComOSiON PROTECTION. LPAT) 6 | Paumn  [ERX0WPRIA
00 G463C  NOODUCHT- TERCURT WPOR (1-4J0W- HSZeL400/00) 1S WAL W/2 £50W-250Q/CL LANP. ur 2 WONTH STAR SFANGIS R L5
(4.0) AT RN INTEGOM HPF COMSTANT WATTAGE GAULAST & FT6 BASE. . = o (5)CT- 2055208
, FIERCURY WAPOR (1 1000W-H36 G- 00O ) 1S WG . W/2- 2500 - ZS00AL LAMPS, -120C- LS
@ GACXC  FLOOOURHT TyTecan HOF COMSTANT LATTACE BALAST & TG, BASE. WI| 8 |MOMSTAR oo cisr-ossom
&) G-re Ik Armme. TUDORCZ40W-TI2). SURF FSTD W/l WPRCT, ACKTLIC CLEAR PREATEC oel =z leusstuzsron| irs-2e0
et— AAPFUDCR, UE FPOLL TuLR 1P TLEU W LA UL,
= @24 WECEPTACLE - DOUBLE, 120 WAC. 204, 2W, 3P, MAGLE TYPE SIRF 11D, BWES, wl e PRI a
[N G222  Jow BOI-4 WIRE, BRASS, SeF WL u| 7 PRRURN e
] Q28 I ICN- ROT-SHAP, DPST, 25 WAC, DA SURF MTD, BIRASS. 14 4 PAULUKN 14
n Q244  (ONTACTOR-4 POLE, 30, 80120 WAC. o S T16-ROWAN | C311- 220083900
- @275 [SEATTTHG s "COPPER FREE .UM, MALE £ FEPWLE MOWZ § VERT. el o KLLAK ES-2T  JUSE W/WTComECm muume-2r)
® @294 [SIICN- DPST, 25 WAC.204 SORF MTD.CU FAEE AL 7, W08 TS TEED e 3 KA P
WE RS 12°12%¢8° w| 2 PAAUSN 5%0 oFF G
burcw enciosme SRF MID « )
CABLE
06 DE W-COEEE-45(1977) 1YPE ADMWIUR ARIOK 2300
00 PEW-I0CIEEE-15(1577) TIPE ALUPIR® ARMOR i 018
(.3 DEW-KOEEE-4SOSTTIFE DR ARMOR xr
prgv] PER-SICIELEASCTI TYPE ALUPINUR ARMOR 00
- FE -6 CLETE- 4SSN TIPE ALUTRILEY AROK 000"
(2 [ CHEE-ASUST TYPE Rurwtm AR oo
[ FD . - JOAXIEE-ASOSTOTYPE Aumwes ARrOR 000"

L=§

o ad



TR e 1(1,%@”:2;'&;1

: -.:-., e __,‘.“; Bo¥ :}egs.t,s o
. ’»’t_ {;*”"" =2 "-.“:iv':‘:r?' ¢ Yee o AL LS
&w TJABLE 1 o
NUMBER OF UMITS IN EACH ZOME (DDES NOT INCLUDE VENDOR IASTL.)
PRLLET NO. 08- (SHIP ZONE)O-IY '
Ismw_ " SHIP'S ZONES - _
| 18-1ja-2 [a-3[n-4)a-5}a-6,0-5.]0-9 -2 3 fue-4 -7 Tnsiw1 [ o
D ' 65- 101~ ANEN F 11T 1
| leS-101=2 - I 1 t2] 12 i
les-101-3 Vot e w
65 -101-4 1]
[&5-101-5 1 11 BL
165- 101-6 N E
lb5-101-7 [
O 65-101-8 l ]
1165 - 01-9 ] ‘
_ ll6S- 11~ 2
LGHT  To5-1b-11A 1. IRERN
HGHT los - 101- 118 . ' i
HORN [u5-W1-12 4jaf2{1{1]1]3
TEL. BODTH  |65-101-13 1 BEE
O BELL  JLS-to- |1 4
B. X JACKBOX p&5-i0i- (5 I
|4 TERM. J.B. | 65-101-16 INEODED
|HanDSET % HOOK | 65- 101-17 4 2
|20 TERM. JB. }62-2-29 ! I
52 TERN\. I B. [62- 2-90 ! r
S.P. TEL.  |5-101-18 ¥ . 1
| HORN lé5-101-19 542 EID
I[P.B. 2 JACKROX lz(.,s-lo\-xSA 121 ] o




e o Mt e sl et AL Sl Tt bt A e e e i) dee £ £ o0l oh 1o w w

" Oi Jomrs(m)
. . TN, 7] tectre-D-33
3.31 A 71N yd .
£l oA ke '
od ) 16 4 aoum sye dotun 114 -' id-T4) wo
E' ALY N ' T 4 SAS NISI-8°BTHE) 17U ;mTrl o7 thila
"a . 1»1’2"';'3"9 ) . Ln"ﬂ)“amt . e v:tjaﬁ&m R W358 AT -'?) + (;&
. e & R --hmo - “ﬂ{{um WM : . Do e s : |u~rnm'«
{1 fwrér R O 11-MAS WIS 15108 ALLTL "
' #vdlil P"A’ " tP&WJﬂL ) r% n"m,stML‘ 4 -JW.“ mﬁﬂ,
Al ot AnER W fece Ha-atn m;
T el BTy mumnmm:‘uimi’mlmi\ » i
:M_“_ﬂ'!!..ﬁi‘ STIITME | TR i WIDE Lo et “Im — |
"pm e L Y e "W‘y ! ]/mf%""'“ e | .
e — " :
" 21 o F¥ PR . s resg IS
A SRR o-sod oy T M T || e e,
. ' RASBI) A AOsUR)-TH NS (V€ 1EEC (SEL A
E R 0 || Y TArary o KAGA) * m”
GITIngAL || hoikTam 64 criosnrha
3 i e e T . oY T
IR ARt T HP-iie omt) cavd AL KLILL I W
B o ’ i uham te Kh 4104 To Y ith
e | SRS Grlevien  avenasl
. [Tawes cexse0lrroees

o
ARFUR PR i ] [ieveeaaaa e
)

r:- i ..;::mw /s N yL—m, ﬁ.ﬂ‘/

:_ ya
. " KA < i
- C e 41;1 i 7 ifper /-‘frf:%.u'_ ] JK '/ ] r 5w
s e =l —=1* N - L2 1 l—' 1 - T-7 -1 1 I I T 1.1 1 1 1_1 l:l il‘
T ] [ N\ et
s ; ' ey
AT E T A L T L L T L T T | | ‘
98 15 £ T < (12 T S . | SCTR 11
TR 88 o T 'BIT AON-BIR é‘ﬁ%—'
ok R DS 4'AE N HRitew
LI . mmmw&
1 l‘ l."‘ e, “e LI \
A A / -hod L) Rk s : +ML-M'¥°£
Realid e ° ’i.: R . !
i’amr;wrsm al CRR X1y ens | e isA$ )
o 3 0-WAS N1 NCTSTNRS 408 ey

Bordbein ™ S Jﬁm‘&"‘l‘lﬂ’ m‘"’u ST S, 6 b RAGAT

=t s

Jiauize3 ’.'."’ v st s
Ar T 5, o b

¥y . . nmﬁ et ire 7r Ty

. 1m

pae i 0y

1
5 » [ RUHIRIITY lwee wwinsornee RS u
surn '3{" Qiuru (M eabIned  GW “flim" . P xp.‘mn‘cn-«

157 A ‘k 3}1 §E}\ 'rx%m " 8ros j;’.&é’én_c'bgu _ LAY M!f'.él'_!! bl A

MALT .
; l
. e b3 4 » bE ¢-ce T )
sty e : S wrn g
Bluw) SEEDwa 69.Co cfhuize NERS DET°20-C' 9 TAAS 11U a5 8" LT IR R A
A qaRg $T|888 dom T°CC (ST VB0 80 MBI 1‘,;:‘.":,5{ ‘ufy’t'::n‘w"
- ) T (n-p

LITEN TRI 0T =
Uedlsd [~prC mca akil b .~ i .
§ 30 52!l g0 oW . :

P ] * 1L 102-0-93 .

4 - X i
aHhireh _ R AR AP : B
a0 A . . , (¢




FLOODLIGHT MAST @ 48 4° PORT

. . = b

=

t ’ .
. a p/ist0
" (P PIOE RACK BAIT 34-648-08Y o ) —
1 e 108 1. gk 1 At ek 20t ¢
. Buniten 3 S RETE DRI BACK WATO oM SNOATS oM PISE RAC K. A INER Py pavce - -
Ben s ?& | T 9x-|s-w-uuw SAFAST D e143 OHEA S 200 oE T2 op | WIDIASPMED NCK HSHIAHD »
meo -: = ' - SETISK 1SS TSRS mwu 1" 9 NTHFMES| TR EWIDE o 2L - .
ek 3% ) MID o4 Sere 4 RME < = K -
ﬁ“’ . . iuusx ) mum'ﬂ' nrﬂyn’mmw (v P ! !
N\ A1 L 0 " , j ot
- N 1 ) S | l i | l | S S W | L1 -1 0 t’m‘_‘“ ly
aueeak nadory X N D-TAL | Z ilm i
N yivi
.73 2 1°WE 2L (SEE S,
» : ég B0 .'33“85..& oMoE 4'31 KB (A “» m’ ]
d 2 nreitis [ ‘Hﬂ 19«:-& tfmu I = |
.xN i ar-n e plﬂm"h B T”"
he : "' 84006 2101 W ¢ L 8
T (AT ) g K “ S J" -y lih 1% “{\ 73
/74 R g7 cﬁﬂ M\
o HUSTOK 110k LeE (SLFWR oo K _(ﬂx_l%frﬂmt_u
iy Ve THCCLHE W o)
LLIre XA .r ) , M ,‘.|41:
Sl s g Ll A 42
7 NTA Y N0 . L "
i Hi oD enfipe Lnfifpe MR o
H | S AR | 11 llq i | 3 0 DRI, AN NRUE A | ) S | 1 1 1 |
N R O S {0 O ¢ VI'”! | I I I L1 1.1 | HE
= ‘
) Al 0l WATHAY 15t . NOIR lfﬂ d-—] g -
e = | whamed 1l /| i e I ol
e i " 4 S H-ILELA) !
I ’ 4 " DR '
+ B . ) ' - PO B
asied Lo /) t—_'.—;w!! s e . - m A
' SO tiv nabs g Aswion ivee (1L NabiTak i pmor] S . !
. Wn;\ - 4 WTP ON SUPFRMTS O RNCK mmmujz,L T5 o0 AL A 3+ X118 3-TERS '
. T H4C $51€ I 10-66- 8 TLA) R SUMOE I1LLSIE MG B
ol S = AR .
[ ) " xo om. uu ”" O N TS 850 "
TWA 43S 10°WiDE 24%6 . 404 (M~ 75768
iree Lb%ﬂ.ﬂ.&!&_ u1 11 (ALYY. L] 8)F4
. DL 1°CL (5T W6 OV W) { n L”.“...m“mm. #r.& ‘IE‘IA
ﬁ ' : . feh(3 ﬁoun gt '2!;: :‘_‘g‘b"},"“ ".1.'.‘ l’?ﬂ Tig(rm . ) I
L4 *
‘&3 mm}&m ) _rl.,nlsmmc 4 _Q!AM..’L!'L’.! .
: . eEs ('ﬁ-r Tk
S0 B 5900 SRy 0 METH-C 9T 1°V0E 605 8°07 NS
= K r;cflw-'.mwmlﬂ'n or TCC (6 PVE.LO-M-REYUM)
8015 NINNANTHRS LT .
. T 270 (C 48 W KETFD 0920 1-0-6 . A s e - .
N . iy PR ga-:n : ‘
s ) , N . RYT VT :
APOUIGIT BT 4T- & 1130 .
Wk ' M & - e,
+ . . » . . - 1 -
LS - ™~ ~



DESI GN' ENG NEERI NG EOR_ZONE OUTFI TTI NG
AVONDALE SH PYARDS, [ NC,

ENG NEERI NG _PLANNING _AND _SCHEDULI NG




DESI GN ENG NEERI NG FOR ZONE_QUTFI TTI NG
ENG NEERI NG _PLANNI NG AND _SCHEDUL| NG

| NTRODUCTI ON

It is probably obvious to you at this point that in order for
zone outfitting to succeed, the engineering design effort nust
get off to a fast start, nust peak early and nust remain inten-
sive until conpletion. This can only be acconplished if the
engineering effort is carefully planned and schedul ed. At
Avondal e, the Engineering Planning and Scheduling Section con-
sults with Management and Engineering section |eaders and
builds, nmaintains and nonitors engineering draw ng schedul es
and materi al grocurenent schedules. In addition, Engineerring
pl anning and Scheduling provides nanagenent services in the
areas of manhour accounting, overhead control, network analy-
sis, technical communications, graphics and other areas. r
focus this afternoon will be on Engineering Plann|n? and Sche-
duling’s role in the building, maintenance and monitoring of
gn9|neer|ng drawi ng schedules and naterial procurenent sche-
ules.

PLANNI NG " KEYS"

as early as possible, the “keys” to planning for vessel con-
struction are devel oped by the Production Pl anning Departnent
and the Advanced Programs and Hull Technical and Design sec-
tions. These keys are:

Producti on Pl anni ng

Production Major Mlestone Dates
including date steel required in the yard, start of
prefabrication, start of main assenbly (pre-outfit),
date of keel laying, date of launch and date of deli-

~overy.
Unit Arrangenent
- Zone and Sub-Zone Arrangenent
Pre-Fab and Sub-Assenbly Schedul e
Mai n Assenbly and Erection Schedul e

Advanced Pronares/Hull Technical and Design

- ﬁfecifications
- Mdship Section
- Scantling Plan



Scantling Section and Details
General Arrangenent

Machi nery Arrangenent

Systens Diagrans

DRAW NG SCHEDULE PREPARATI ON

As the above planning "keys" are made available, the Engine-
ering sections review themand prepare a definition of the
scope of work they must acconplish in order to provide Produc-
tion wth the necessary working draw ngs and other engineering
data. This scope will include a drawing [ist which will indi-
cate those draw ngs that Production will need and an estimate
of the manhours required to do each diagram draw ng, and set
of calculations. A'so included in the scope are the units for
whi ch conposites will be made and the estimted hours for these
conposite draw ngs.

The Engineering sections Will indicate the itens of infornation
requi red before work can commence on di agranms, working draw ngs,
and conposite activity. This information includes diagranms,

drawi ngs, sketches, etc. from other Engineering sections, ven-
dor draw ngs, and so on.

Ea%lnee{in Pl anni ng and Schedulin% exam nes the drawing |ist
(which is torwarded to production Planning and Scheduling for
need dates), required infornmation items and the scope of the
machi nery and quarters conposite work to determ ne I nterdepen-
dencies and priorities of diagramand draw ng preParatlon anmon
the Engineering sections. This is done in order to assure tha
the Engineering sections will support each other’s efforts.
Verln? drawi ngs and required conposite schedules are then pre-
pared for each section. Note that these initial schedules are
prepared w thout benefit of Production need dates. This can be
done due to the fact that aIthou%h Englneer|n%]nusth of course,
support Production needs, the scheduling of the engineering

work does not have to be dictated by Production need dates. In
the early phase of contract developnent, it is of prlnarx
|PPorgance that the Engineering sections support each other’s
efforts.

GRAPH EP-1 is the cover sheet for the initial issue of the
drawi ng schedule for the Qutfitting Section on a current con-
tract. = Note that there have been two preI|n1nar¥ i ssues of the
schedule prior to the initial issue. A so note that the Pro-
duction need dates were still reserved at issue of the sche-
dule. \Wen the schedules are originally prepared, they are on
"D' size sheets (22" by 34"). They are distributed reduced

22



to) 50% of that size (11" x 17"). The copies You have in you
sem nar books are, therefore, considerably smaller than the
size used at Avondale. | want to apologize if they are a bhit
difficult to read.

GRAPH EP-2 is the Key Plan. schedule for the Qutfitting Sec-
tion. These drawings are required for long-lead material pro-
curement or to support other Engineering disciplines. The
schedul e that is used here is of the Ghntt-tyﬁe with solid bars
representing drafting activity and cross-hatched bars represen-
ting checking activity. The small arrows shown near the com
pletion of drawng activity denote scheduled reviews with the
Assistant Chief Engineer to nonitor draw ng progress.

GRAPHS EP-3, EP-4, and EP-5 are the Yard Plan schedules for the
CUthtt|n? Section. Note that where nore than one man is
required for drafting or checking activity, a synbol (two or
more small nen) is used to designate this situation. At the
bottom of GRAPH EP-5 are shown the manpower requirenments for
the Qutfitting Section for the scheduled job. The bars of the
schedule are counted for each week and the required weekly
totals are shown for drafters and checkers. In addition, the
manhours allocated for revision activity are spread over a rea-
sonable time frame so that manning for this activity can be
anticipated. O course, as the schedule is built, the o
eng|neet-planners take into consideration manpower availability
and desired manning levels. Manpower requirenments are also
shown for the accommodations conposite activity (see GRAPH
EP-6) and a Grand Total is shown. |f the schedule is manned to
the levels indicated, and if the estimated manhours for the
graMAPg activity are reasonably close, then the schedule should
e met.

GRAPH EP-7 is the title sheet for the Hull Section draw ng
schedule. Note that four prelimnary submttals were nade
before Rev. O went out.

GRAPH EP-8 is the Key Plan schedule for the Hull Section. Note

here that accommodation has been made to handle scheduling for
subgroups within the Hull Section. Therefore, activity to be

?er formed by the "SpeC|aIt¥ ltem Goup” is differentiated from
hat to be performed by others in the Hull Section

GRAPH EP-9 is a typical sheet fromthe Yard Plan portion on the
Hul | Section drawing schedule. The isonetric activity shown
here was cancelled at a later date, and penetration control
activity was added so that this critical area of structural
drawi ng preparation could be carefully nonitored.



GRAPH EP-10 shows the conclusion of Hull Section yard pl an
activity and the manpower requirenents for the Hull Section
Note that manpower needs are called out for each subgroup as
well as for the entire Hull Section

GRAPH EP-11 is the title sheet for the Piping Devel opnent and
Machi nery Conposite G oups draw ng schedule. This section is
the largest in Avondal e Engineering and produces nore draw ngs
than any other section. In order to make the schedul ing and
schedul e nonitoring nore manageable, a separate schedule is
built for each group within the Piping Section. These sche-
dul es are then bound together and manpower requirenents can be
examned for the entire section.

GRAPH EP-12 shows the Key Plans for the Piping Section

GRAPH EP-13 is a typical sheet fromthe Piping Section sche-

dule. Alater revision of this schedul e separated the heating
coi | dramnngg and mai n deck rack draw ngs fromthe other piping
draw ngs. ote that in addition to arrangenment drafting and
checking activity, this schedule also shows piping detail pre-
aration activity. Again, where nore than one man is required
o work on an activity, a synbol is used to show this

GRAPH EP-14 is another typical sheet from the Piping Section
drawi ng schedul e.

GRAPH EP-1.5 is the Manpower Sunnary Sheet from the Piping Sec-
tion drawing schedule. ~Note that for each subgroup the

requi red manning is shown for drafting, checking, pipin
detail, and revision activity, and, of course, total. I
menti oned, the piping schedul'e was further subdivided in |ater
schedul ed revisions.

DRAW NG SCHEDULE MONI TORI NG

It is not enough to build schedules, issue them wi th nanagement
bl essing, and then assune that the job will be done as sche-
duled. We all know that schedules can slip due to alteratior
in work scope, change orders, inadequate manning, etc. By the
sane token, work can sonetines nove along nore rapidly than
expected, thus acceleratln% the schedule.” At any rate, it iIs

I nportant for managenent that schedule activity be nonitored
closely and the results reported so that pronpt corrective
action can be taken if required. In Avondale Engineering, the
Engi neering Pl anning and Schedul i ng section perfornms this sche-
dul'e nonitoring function.




In order to facilitate schedule nonitoring and review, draw ng
schedul es are built with magnets on large porcelain boards in
what we call the Engineering Planning and Scheduling *Opera-
tions Room  (See PH EP-16. ) In addition to displaying the
schedul e activity information which you have seen on the pre-
vious graphs, the large schedule boards also contain certain
information relative to manhours spent on each drawing activity
and other engineering activities.

Each week, Engineering Planning and Scheduling prepares a com
puter report for each schedul e which shows the nanhours
expended against each drawing, as well as the total equivalent
men worked on that schedule. (See GRAPH EP-17. ) These actual
charges can then be conpared with the schedule to determne
that sufficient manpower is being brought to bear where
requi red. Total spending against each drawing is also noni-
tored on the schedule boards so that the actual progress in
terns of(fercent complete can be conpared with percent of bud-
get expended. If required, projections for manhours to be
expended bK dramﬁn? completion are revised at schedule reviews
which are held in the "Operations Roont each week.

Spendi ng versus actual progress is also nonitored weekly for
engi neering activities other than draw n? preparation, such as
supervi sion, vendor review, etc. A simlar computer report is
generated each week for these activities. (See GRAPH EP-18. )

After each schedule review, Engineering Planni n% and Schedul in
prepares a "Wekly Schedul e Review Report" which is distribute
to the section |eader and Engineeri nqh managenment.  (See GRAPH
EP-19.) The report is divided into three main sections,

"Drawi ngs Behind Schedule,” "Draw %s Subm tted Inconplete,”
and “Draw ngs Being Wrked on or Anead of Schedule.” Draw ngs
which fall nto on= of these categories are |isted by number
and title, followed by twelve Colums of data:

COLUWN DATA PRESENTED

| &2 Manhours expended since last report and cunulatively

3 Estimated hours to conplete drawing activity

4 & 5 Estimate at conpletion for last review and present
revi ew

6 Variance between colums four and five

7 Schedul ed conpletion date for drawing activity

8 Production need date .

9,10,11 % of draw ng conpletion schedul ed/ % of draw ng com
pletion actual/% of draw ng conpletion at previous
review _ _

12 Current estimated conpletion date



GRAPH EP-20 is the second sheet of a thicaI draw ng schedul e
review report and GRAPH EP-21 is the third sheet. te that
the comments section is used to nake whatever conments Engi ne-
ering Planning and Scheduling feels will be helpful to mapage-
ment in performng their evaluations. Note the comment which
is made relative o inadequate manning on subject schedule.

MATERI AL PROCUREMENT SCHEDULE PREPARATI ON

As all of you are aware, the timely receipt of vendor inforna-
tion is critical to the design engineering process. |t Is even
more critical (if %ou can imagine that) to the design engine-
ering process which is supporting zone outfitting construc-
tion. For this reason, Engineering Planning and Schedul i ng
builds “Material Procurement Schedul es” for each Engineering
section. These schedules list each itemthat the Engineering
section is responsible for procuring and indicates when each
Item must be requested and when a purchase order nust be
laced.  You must always keep in mnd that the dates required
or request and purchase order to satisfy timely delivery of
material itens to the yard for installation are nore often than
not too late to satisfy the demand for vendor information to
Engi neering. In order” to build material procurenent schedul es,
Engi neering Planning and Scheduling requires the follow ng
i nformation:

"I'n Yard" production need dates (from Production Planning)

Engi neering Vendor Information Need Dates (from draw ng
schedul es)

List of material itenms and draw ng on which material appears
(from Material Requisitioning Section)

Vendor lead tinme (from Purchasing Department)

When the above information has been received, Engineering
ning and Scheduling builds and issues initial nmaterial procure-
nment schedul es for “each Engineering section. GRAPH EP-22 Is
the title sheet for the Mechanical Design Section material p
curenent schedule for a current contract. =~ GRAPH EP-23 is the
revision and general notes sheet for the Mechanical Design
material schedule. The |egend shows the type of informafion to
be found on the nmaterial procurenent schedul es:



VI

- Schedul ed Material Requisition Issue Date
Actual Material Requisition Issue Date
Schedul ed Purchase Order |ssue Date
Actual Purchase Order |ssue Date

Vendor "Prelimnary" Information Need Date
this is vendor information typically available at P.QO
i ssue

Vendor "Detailed" Information Need Date . .
this is vendor information tgplcally not available until
approximately 45 days after P.QO issue

- Vendor Manufacturing Lead Tine
- production Need Date
Schedul ed Drawing Submttal Date

GRAPH EP-24 is a typical sheet fromthe Mechanjcal Design Sec-
tion material schedule. It is admttedly difficult to read in
your books and on the screen due to its reduction; however,” |
wanted to give you a rough idea of how the schedules |ook. You
can see that each material itemis listed together with its
Avondal e code nunber, the vendor nane, the item|ocation, and
the.reqU|S|t|on and purchase order numbers (once these becone
avail abl e).

MATERI AL PROCUREMENT SCHEDULE MONI TORI NG

Just as with the draw ng schedul es, careful nonitoring is
required for the material procurement schedules. Each week,
En?lneer[ng Pl anni ng and Scheduling receives material update
information fromthe Material Requisitioning Section and the
techni cal Engineering sections. This date i's used to prepare a
“Material Procurenent Schedul e Review Report” for each Engine-
ering section. GRAPHS EP-.25 and EP-26 are typical sheets from
a_ Mechani cal Design Section material review report. [Each mate-
rial itemis listed, followed by ten colums of data:



COLUWN DATA PRESENTED

Schedul ed Requisition Date
Actual Requisition Date/Requisition Nunber”

3
Schedul ed Purchase Order Date
& 6 Actual Purchase Order Date/Purchase O der Nunber

1

2

2 L .

[ Schedul ed Vendor Prelimnary Information Date
8 Actual Vendor Prellm.naro?/ I'nformation Date

9 Schedul ed Vendor Detailed Infornmation Date

10 Actual Vendor Detailed Infornation Date

The legend for the abbreviations and synbols used in this
report is located at the top center of the title sheet. The
most inportant synbol is the asterisk which indicates "Trouble
Area - Action Required.” Like the review reports used to noni-
tor drawi ng schedules, the material schedule review report is
designed to provide nanagenent with an instrument that can be

used to easily spot problem areas.

VIT. CONCLUSI ON

| need to enphasize in closing that the schedules and the
review reports we have discussed are tools for Management and
Engl neering supervision to use in running an engineering ][ob
and in monitoring its progress. Like any tool, however, the
user nmust become familiar with it and its applications. The
nore often it is used, the nore useful it will be. One thing
Is certain, and that is, as shipbuilding becomes nore sophisti-
cated and conplicated, planning and scheduling becones that
much nore inportant to the shipbuilder in both the Production

and the Engineering operations.
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